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PREFACE 



TO THE FOURTH EDITION. 



A NEW Edition of my Course of Qualitative Chemical Analysis 
having become necessary, within two years from the appearance 
of the last Edition, I have again been guided in the changes 
which I have made by the experience gained, during the last 
six years, of its working with large Laboratory Classes. The 
Plan of the Book has been left undisturbed. The few altera- 
tions and additions which the more recent progress in Chemical 
Analysis rendered necessary, have been carefully executed ; and 
the original purpose strictly kept in view, for which the Book 
was written, viz., to serve as an Elementary Text-book for large 
Laboratory Classes. 

The notation employed throughout is that of Dr. Frankland. 
An experience extending now over a number of years, and 
gained with students of very varying abilities, has shown me 
that this notation greatly facilitates the teaching. It complies 
with the doctrine of Atomicity, which may now be said to have 
struck film root in Chemical Literature, and the Chemical 
Formulae of Inorganic as well as Organic Bodies, will be found 
expressed in accordance with this comprehensive and elegant 
Law. 

The study of Chemical Analysis, when properly conducted, 
introduces the student to a vast number of changes, the veri- 
fication of which requires, in no mean degree, the cultivation of 
habits of close observation and exact reasoning ; and as a means 
of mental training. Chemical Analysis cannot fail to acquire a 
foremost place in the Curriculum of a Liberal Education. 



iV PREFACE. 

The methods which I selected in this work have stood the 
test of many years' practice under my own eyes. They are, I 
believe, well adapted for promoting accurate and expeditious 
work. Students who apply themselves steadfastly to the study 
of analysis, usually get through the course in about six months, 
and have time left to gain some practice also in Quantitative 
Analysis, during their first year's study. The foundation for 
this latter branch of Chemistry having been laid by the Quali- 
tative Course, they have, in most cases, only to acquire the 
necessary manipulatory skill to conduct quantitative operations 
successfully. 

The reactions of the Rare Metals have been treated some- 
what more fully than usual in an Appendix. The individuality 
of the metals as well as the classification which nature itself 
has traced out for them, have been retained as much as possible. 
I trust that the additions made in this New Edition will in- 
crease tlie usefulness of the Book, and will gain for it many new 
friends. 

The Analytical Tables are published also in a separate and 
all but indestructible form, printed on Messrs. De la Eue's 
parchment paper. 

Scistfcs Schools, 
SorTH KEirsiNGToy, 
September 30^, 1876. 



PREFACE 



TO THE FIFTH EDITION. 



The Fourth Editiou of my lamented teacher aud predecessor's 
"Course of Qualitative Analysis" having run out of print, 1 
have, though with considerable diffidence, undertaken tlie revi- 
sion of a New Edition. 

After having stood such a long and successful test of prac- 
tical experience in these laboratories, it was not found desirable 
to make any extensive alteration in the style or plan of the 
book, for although Chemistry as a science enlarges its bounds 
and dominion very rapidly, especially Synthetic Chemistry, the 
road for a beginner must, to a certain stage, at which he should 
have a clear view of the ground gone over, and the reason of the 
processes employed, remain the same. 

The alterations and additions in the present Edition are 
such as have been suggested by experience with large classes in 
Practical Chemistry, since the date of the last one, and it is 
hoped will add to its utility, and secure it a still wider appre- 
ciation. 

The Tables for Qualitative Analysis are also published sepa- 
rately, as before, on parchment paper. 

Science Schools, 
South Kensington, 
Ajprily 1880. 
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OF 



QUALITATIVE CHEMICAL ANALYSIS 



Chapter I. 

DEFINITION OP QUALITATIVE ANALYSIS.— RE- 
AGENTS. — CHEMICAL OPERATIONS. — GROUP- 
REAGENTS AND SPECIAL REAGENTS. 

Chemical analysis consists in the performance of certain experi- 
ments: — with the object of putting, so to speak, questions to a 
substance, in order to ascertain the presence or absence of certain 
bodies. It is termed qualitative analysis, if the answer which is 
received reveals merely what "kind of matter is present, without 
regard to quantity. It is essential that these questions should not 
be put at random, but according to a well-considered systematic 
order ; and that the answers should be interpreted correctly. 

There exists a resemblance between certain elementary as well 
as certain compound bodies ; at the same time the metallic, like the 
non-metallic elements, bear the stamp of a marked individuality 
which renders every classification, from whatever point of view we 
attempt it, more or less difficult — a difficulty which extends likewise 
to the various compounds which the elements form. Thus silver, 
which is classified with the monad metals potassium and sodium, 
differs in a marked manner from the alkali metals. Iron, which 
exists in the dyad form in PeCU (ferrous chloride), and in the 

r PeCI 
tetrad condition in < yq^CY (^®^^^^ chloride), partakes in the dyad 

form of the character of the isomorphous diatomic metals of the 
magnesium group, e.^., manganese and zinc, and resembles in the 
tetrad form aluminium and chromium. Copper, which in its cupric 
compounds offers certain points of resemblance to the magnesium 
group, resembles also in many respects the metals of the mercury 
group ;* the general composition of the cuprous and mercurous and 
the cupric and mercuric oxides and chlorides being the same. 
Inorganic (as well as organic) compound bodies bear, for the most 
part, the impress of the elementary bodies which enter into their 
composition ; and compounds built up of elements which have equal 
numbers of bonds, frequently show a certain analogy in their strac- 
ture as well as a considerable similarity in their reactions. In 

* H. Wurtz, Le9ons de Philosophie chimique, p. 170. 
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REAGENTS. CHEMICAL OPERATIONS. 



stndying the chemical changes to which the varions bodies — elemen- 
tary or componnd^-can be submitted, onr attention most be mainly 
directed towards discovering and defining this similarity and dis- 
similarity. 

Reagents are employed as the means of producing chemical 
changes. By reagents are meant bodies— either elementary or 
compound — which are capable of reacting upon and revealing to us 
the nature of the substances under examination. They are usually 
divided, without any strict line of demarcation, into two classes, 
viz., general and special reagents. General reagents are those which 
separate a number of substances — groups in fact — at one operation ; 
and special reagents those which are used to a limited extent only, 
and for the detection of individual substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator ; 
whilst the special reagents intended for the use of a number of 
chemical students, are usually placed in a freely accessible part of 
the laboratory. 

A list of reagents, as well as directions for their preparation, 
will be found in an Appendix. Chemical students who have not 
the advantage of working in a well-appointed laboratory, should 
devote much attention and care to the preparation of the reagents. 

Chemical Operations. — A reairent 
Is added to a solution of an unknown 
body either by pouring it directly from the 
bottle or by running it from a pipette, as 
shown in Fig. 1, with the view of producing 
a precipitate, i.e.f of converting the body 
from the soluble to the insoluble state. The 
reaction which takes place is mostly a change 
hy double decomposition. Sometimes a pre- 
cipitation is produced by voltaic action, 
sometimes merely by the substitution of 
one solvent for another. One or more 
bodies may be precipitated by one and the 
same reagent. As most precipitates are 
heavier than the liquid in which they are 
suspended, they fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured off or decanted, 
without much disturbing the precipitate. 
This mode of separating fluids from preci- 
pitates is by far the most expeditious, and 
should be resorted to whenever it is appli- 
cable. The precipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decantation. 

When a large quantity of a fluid has to 
be removed from a precipitate, it is best 
to siphon oflT the supernatant fluid. The 
precipitate may be washed with water, and 
the wash-water siphoned oflT repeatedly. 

Small quantities of a precipitate which 
do not subside readily are more quicklv 
separated by filtration. For this purpose 




Fio. 1. 





Fio. 2. 



CHEMICAL OPEHAnONS AND APPARATUS. 3 

ftuinela areuMd. moatljol gU«, oonieal in ihape, and inclined ntsafttigle of 60°. 
Ihe; nu}' be conTenientlj Bupported on a woodeo stand, Fig. 3, or an iran or braes 
mtcrlnK itand at seen m Fig. 3. The fllterlnff paper should be porous and 
uuaiEed, and cut in the form of a round sheet, vhich by being folded twice in 
the shape of a quadrant, forms, on opening up, a paper cone, at an angle of 
60°. The fliter should eiaotlT fit the funnel, without reaching quite to tlie 
rim, and should be moistened in the fiinnei vith distilled water before any 
liquid is poured through it. As moet kinds of filtering paper contein traces of 
iron, lime, silica, etc., — with the exception of the so-called Swedish filtering 

Ssper, which oontaina scarcely perceptible traces of mineral substances, — acid 
quids frequently dissolve out traces of these bodies. In all accurate analyses the 
filterine paper should, on this account, be washed first with dilute hydrochloric 
or nitno acid, and then with hot wat«r, before being used ; or else Swedish fliter 
paper only shonld be employed. 

Most preoipitates retain with ^eat pertinacity traces of tbe fluid in which 
th^ were suspended, and it is therefore of the utmost importance to thoroughly 
wash them in order to obtain aocurats 
results. For this pnipose a waab-bottic 
(Fjff. 3) is employed, whereby a fine jet 
of not or cold distilled water can be di- 
rected on to the filt«r in such a manner as 
to loosen and detach the precipitate from 
the paper. The liquid should at no time 
quite fill the filter, as some preidpitates 
have a tendency to creep up and to get 
between the paper and the glsBs, and are 
carried into the nitrate. This would 
enti^ repeated filtration. The washing 
of a precipitate on the filter ie effected 
most rapidly by allowing the waah-water 
to run off entir^ each time before adding 
fresh quantities of distilled water. By re- 
peating this four or fire times, most pre- 
eipitatee will be found sufficiently washed 
for qualitative purposes. 

The student should guard himself against using too large a quanti^ of the 
substance which he wishes to eiamine. Heavy precipitates entail much washing, 
an operation which is most tedious and yet iudispeneabte. 

Telt-ll■^ •■- * :-:.-.^ J 

tive analrsis, 








4 CHEMICAL APPARATUS. 

or adding it to the main filtrate. These tubes are convenientlj placed in a f;e§t« 
tube stand (Fig. 4). After being well cleansed by the aid of a test-tube 
brush, and rinsed out with distilled water, they should be set aside to drain in a 
basket. 

Beakers are sometimes employed if an analysis inYolres the separation of a 
small quantity of one substance from a large amount of another, and when, of 
necessity, large quantities of the substance must be operated upon. 

Porcelain dishes are employed for the purpose of concentration, or e^apora- 
tion and ignition. ^^^J ca^ ^^ heated either by means of a spirit lamp 

^g. 5), or by means of a Bunsen gtM lamp, pro- 
lix 1^ Tided with a rose top. Sometimes a sheet of iron wire 
w JmL gauze or a sand-bath is interposed between the porce- 
lain Tcssel and the gas flame, and is supported on a re- 
tort ring, or tripod stand. Illustrations of conyeiiient 
tripod supports for porcelain and glass vessels, which 
prevent at the same time the flame from being blown 
Fio. 6. about, have been given in the " Introduction to Inor- 
ganic Chemistry.** 
If solid substances have to be examined, they should always be powdered 
in a mortar — an agate mortar should be employed for hard substances, such as 
minerals — before being dissolved in water, acids, Ac. 

Reactions involving the use of valuable reagents — such as salts of gold, 
platinum, silver — should be performed on watch-glasses, with small quantities 
of the substance only. 

For the Ignition of precipitates porcelain crucibles, or small porcelain dishes 
are used. 

A knowledge of qualitative analysis enables ns — 

1. To recognise wibJi speed and certainty the presence of various 
elementary and compound bodies, 

2. To effect their separation from each other. 

In order to accomplish' this we shall stndy more particularly 
those chemical reactions — both in the dry and in the wet way — 
which are essential ; but shall endeavour, at the same time, to give 
as complete a view as possible of other chemical changes which 
serve the purposes of qualitative analysis, and which on this and 
other grounds possess considerable interest. 

It is for many reasons desirable to confine the laboratory course 
at first to the study of the more important elements and their com- 
pounds ; we shall, however, treat of the rarer elements and their 
compounds in an Appendix. 

There are certain reagents which effect the separation of a 
number of bodies contained in a common solution, leaving all the 
others m solution. Such general reagents are then called group- 
reagents. 

Dissolve in water small quantities of 

Argentic nitrate* 
Gupric nitrate. 
Gobaltio „ 
Baric „ 
Potassio „ 

* Solutions of salts of the different metals containing five milligrammes of 
the metal in a cubic centimetre are conveniently prepared and kept for use. 



SEPARATION INTO GROUPS. 



To the solution add— 

HCl, a white curdy precipitate is obtained, which consists of aryentle 
chloride, AgOl ; filter. To the filtrate add— 

SH2, a black precipitate is obtained consisting of cupric sulphide, OuS ; 
filter again, and to the filtrate add — 

AmCl, ^ 

AmHo, I A black precipitate comes down consisting of cobaltous sulphide, 
and I OoS ; filter, and to the filtrate add — 

OOAinos, a white precipitate is obtained, consisting of baric carbonate, 
OOBao'' ; filter, evaporate the filtrate and ignite to drive off the amnionic salts. 
A white saline residue is left, containing the potassic salt. 

What were the chemical changes that took place ? 

The changes were evidently prodaced hy the mutual exchange of 
elements in two bodies (changes by double decomposition) : i.e., the 
hydrochloric acid added in Group I to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate ; 
and the sulphuretted hydrogen exchanged its hydrogen for the metal 
copper, leaving nitric acid and cupric sulphide, etc. 

The reactions will be readily expressed by equations, thus : — 



NOgAgo 

Argentic 
nitrate. 

Cupric 
nitrate. 

Oobaltous 
nitrate. 

Baric 

nitrate. 



HCl 



SH2 



SAm« 



COAmo, = 



AgCl 

Argentic 
chloride. 


+ 


NO2H0. 


CuS* 


^ 


2NO2H0. 


Cupric 
sulphide. 






CoS 


+ 


2K03ATno. 


Cobaltous 
sulphide. 






COBao" 


+ 


2N02AmO. 


Baric 
carbonate. 







Silver, copper, cobalt, and potassium are, however, not the only 
metals which might have been separated by these same reagents. 

The table on the next following page exhibits the five groups 
into which all metallic bodies classify themselves on the addition of 
the several group-reagents. 

* It is immaterial whether written SCu or CuS, since both sulphur and copper 
are dyad elements. 
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GROUP-REAGENTS AND SPECIAL REAGENTS. 7 

Thas far ^rot^j^-reagents asaist in tlie separation of bodies, bat 
when, as in Q-roap IV, the white precipitate produced bj the group- 
reagent, COAmoj, leaves still a doubt whether a barium, strou- 
tium, or calcium compound was present in the solution, further 
experiments must evidently be made with a view of completely 
identifying the substance under examination. This the student 
will only be able to do by making himself first practically familiar 
with the different changes or reactions which the members of the 
various grop.p8 of metals can be made to undergo : and after under- 
standing the use of the group-reagents, he should direct his atten- 
tion to the special reactions which distinguish and separate one metal 
from another, or from several others. This may frequently be done 
in more than one way ; one reaction, however, as a rule, deserves 
the preference over others, on account of the greater exactness 
which distinguishes it, or on account of increased facility of execa- 
tion, or of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group 
from each other, but to which considerable interest is attached 
as being illustrative of some valuable property or other of the 
metals. 

The tabular form, which is, no doubt, the most compact and 
summary mode of arranging chemical reactions, will often be adopted 
for embodying such reliable and expeditious methods of separation 
as have stood the test of experience in the laboratory. The direc- 
tions given will be concise and divested of all explanatory matter. 
On no account should a student use any tabular directions, however, 
without first having made himself practically acquainted with the 
details of the reactions; and to counteract any pernicious influence 
which the use of tables might have, the student should learn to 
draw up tables for the several other processes of separation which 
are frequently possible. 

A deviation from the natural course of studying the reactions of 
the metals by beginning with Grroup I, and so on, will be justified 
on the ground of greater simplicity, and on account of the far 
greater importance which is attached to the metals of Grroup V, 
especially the alkali metals. Experience has shown that students 
have less difficulty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkali and alkaline- 
earthy metals ; and that a thorough knowledge of the metals of 
these groups is of material assistance in understanding the qualita- 
tive changes to which the metals proper are subjected. 

The chemical nomenclature employed in this work is that of 
Dr. Frankland. It will be found fully explained in the Introduction 
to Inorganic Chemistry. An experience extending now over several 
years has shown that it is readily mastered and greatly appreciated 
by students. It is both comprehensive and logical, for it does not 
require one kind of formulsB for inorganic and another for organic 
bodies, and it complies with the law of atomicity, observed for the 
different elementary bodies. The little o employed by Dr. Frankland 



8 POTASSIUM. 

in writing the different compound basilous radicals, snch as Ho, Ko, 
Bao", Bio'", Al20^, etc., has tended occasional! j to mislead beginners. 
It will be fonnd nsefnl in all snch cases to practise writing these 
same radicals with a big 0, and using the bracket, with the atomi- 
city indication placed outside the bracket, thus : — (OH), (0K\ 
(OzBa)", (OgBi)'", (OfiAlj)^. Students have as a rule no difficulty 
in transcribing constitutional into empirical formulee, a practice 
which may precede with advantage percentage calculations. 



Chapter II. 

REACTIONS OF THE METALS OF GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, which are not precipitated by any group- reagent. 

1. POTASSIUM^ K. Atomic weight 391.— Occurs in nature 
in large amount only in a few minerals, of which nitre or saltpetre 
is the most important. It is present in larger or smaller quantities 
in a few silicates and sulphates, such as felspar, alumstone, in the 
ashes of plants (crude potashes), and in the form of chloride in saline 
deposits (at Stassfurth, in Prussia, and elsewhere). 

reactions in the dry WAT. 

Most potassium compounds, when heated in small quantities on 
a thin platinum wire in the inner flame of the blowpipe, undergo 
dissociation, the vapour of the metal imparting a violet colour to 
the outer flame. When examined with the aid of a spectroscope,* 

* When elements in the gaseous condition, or yaporised by strong ignition, 
are analysed by means of the spectroscope, they may be distinguished from each 
*other by the respective spectra which they give. The intensity of the spectra of 
metallic elements is so much greater than that of the non-metals, that the latter 
are only rarely seen. The heat which can be produced by a good Bunsen gas 
burner is not strong enough to volatilize all elements, or to heat their vapour 
highly enough. Most heavy metals can only be volatilized by means of an 
electric spark, making use of an induction coil, by placing the galvanically 
precipitated metals between the electrodes. In order to analyse the ordinary 
gases spectroscopically, the spark is passed through the gases confined in Geissler 
tubes. 

It is usual to employ the spectroscope only for the examination of those 
metals, or metallic compounds, which can be volatilized by means of the gas 
flame from a good Bunsen burner, such as the alkali metals, sodium, potassium, 
rubidium, caesium, lithium; the alkahne earthy metals, barium, strontium, 
calcium ; and the heavy metals, thallium and indium. The compounds most 
suitable are the chlorides, nitrates, chlorates, perchlorates, and carbonates of 
these metals. A small portion is placed on the loop of a thin platinum wire, 
introduced into the non-luminous" portion of the flame, and the spectrum 
examined. The different elements are distinguishable by their respective colours. 
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tlie potassium spectrum is found to consist mainly of two lines, a 
comparatively strong line, Ka,* in the red, and a faint line, K^,* 
in the blue. 

This applies more particularly to potassic salts which ere volatile without 
decomposition at a very strong heat (such as potassic chloride, bromide, iodide, 
and cyanide) or which are decomposed by heat ; but not to non-Yolatile potassic 
salts, such as phosphates, silicates, or borates, which give scarcely any flame 
reaction till they are moistened with HCl, or, if HCl be without action, heated 
together with pure calcic sulphate. The presence of sodium compounds gives 
rise to an intense golden-yellow flame, and conceals the potassium reaction ; but 
when seen through a blue glass, or indigo-prism, the yellow or sodium flame is 
entirely cut ofP, and the potassium flame becomes distinctly visible, and is then 
of a rich reddish-violet colour. 

REACTIONS IN THE WET WAT. 
A SOLUTION OF POTASSIC CHLORIDE, KCl, is USed. 

PtOU (platlnlc chloride) precipitates from potassic solutions 
which are not too dilute, a yellow crystalline precipitate of potassic 
platlnlc chloride, 2KCl,PtCl4, insolublef in strong alcohol, or better 
still in alcohol and ether, as well as in acids. 

{OOHo 
CKHo (tartaric add) precipitates white crystalline hydric potassic 
CHHo rcOKo 

COHo tartrate, I CHHo ^^^ neutral and sufficiently concentrated 

LoOHo 
solutions. The precipitate settles rapidly, especially on shaking or stirring. 

2HF, SiF4 (hydrofluoslllclc acid) gives a white gelatinous precipitate of 
potassic slllcofluorlde, 2KF,SiF4 ; difficultly soluble in water (833 parts at 
175° C.) ; insoluble in alcohol. 

Potassic salts are for the most part soluble in water, hence so 
few visible reactions; the hydrate and carbonate constitute two 
important reagents, on account of the great affinity which the 
powerful base potassium possesses for the acids with which the 
metals of other groups may be combined. 

2. SODIUM, Na. Atomic weight 23. — Occnrs in nature in vast 
masses, as rock salt, NaCl; as carbonate, in native soda, CONao2, 

as well as by the position which their lines occupy in the continuous solar 
spectrum. The lines are not all of the same intensity, and therefore not equally 
available. 

It is only by employing larger quantities of pure substances, and heating 
them very intensely, that many of the less prominent lines can be observed. 
The accuracy of the reactions is, however, so great that we can discover in this 
manner the merest traces of these elements, and are enabled to disentangle 
mixtures thereof, without actual separation. Spectroscopic analysis constitutes 
in fact a most valuable auxiliary to chemical analysis. 

* Principal spectral lines of elements are generally designated by a letter for 
ordinary reference purposes. 

t The degree of solubility of a precipitate in different media can only be 
ascertained by laborious quantitative experiments. The student will therefore be 
expected to verify only those statements respecting the solubility of the precipi- 
tates which require no quantitative knowledge. 
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IOOH2, and in trona, CONao2,2COHoNao,30H3 ; as nitrate, in cubic 
nitre, or Chili saltpetre, NOaNao ; as sulphate or glauber salt, S02Nao2, 
IOOH2; as hiborate, B4O5Nao2,10OH2 ; as glauberite, S204Nao2Cao", 
and as cryolite, 6NaF,Al2F8, and in many silicates, of which albite 
may be taken as the representative. All natnral sodium compounds, 
with the exception of the last two minerals, are soluble in water. 

eeactions in the dry way. 

The intense golden-yellow colour which sodium compounds 
impart to the outer blowpipe flame is almost exclusively relied upon 
for the detection of the metal. Its spectrum consists of one bright 
double line, coinciding with the D line of the solar spectrum, and 
several green lines seldom seen. Some sodic salts are readily 
recognised by their characteristic taste, especially rock salt and 
cubic nitre. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF SODIC CHLORIDE, NaCl, is employed. 

Sodic salts are even more freely soluble than potassic salts, 
and platinic chloride or tartaric acid give no precipitates. Hydro- 
fluosilicic acid gives a gelatinous precipitate from concentrated 
(aqueous) solutions only ; the precipitate is insoluble in alcohol. 

Sodic hydrate and sodic carbonate act in every respect like 
potassic hydrate and carbonate. Pure sodic hydrate is now prepared 
from the metal sodium, and deserves the preference over potassic 
hydrate.* 



3. AMMONIUM.— Am = NH4. Atomic weight, 18.- 

REACTIONS IN THE DRY WAY. 

Amnionic salts, when heated in a test-tube, volatilize, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia, NH2. Salts of ammonium with volatile acids 
can be volatilized, either with decomposition, such as the nitrate, 
nitrite, sulphate, the latter with formation of mixed vapour of 
nitrogen, water, ammonia, and sulphurous anhydride; or without 
decomposition, such as the cyanide ; or partial dissociation only, such 
as the chloride, bromide, iodide : the latter salts condense again, for 
the most part unchanged ; they sublime, and are found in the upper 
part of the test-tube. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF AMMONTC CHLORIDE, AmCl, is employed. 
PtCU produces a heavy yellow precipitate of ammonlc platinic 
chloride, 2AmCl,PtCl4. The precipitate is soluble in much water 

* The student who has not the advantage of attending a course of lectures on 
chemistry should make himself familiar, by reading a good Manual of Chemistry, 
■with the properties of the yarious salts of potassium and sodium, also with tlie 
interesting processes of manufacturing sodic carbonate from the chloride ; sodic 
silicate {water-glass) ; potassic chlorate, &c., &c. 
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(hence there appears no precipitate f rom diltite amnionic solutions), 
but insoluble in alcohol and ether. Amnionic platinic chloride 
leaves on ignition only spongy platinnm. (Distinction from 
PoTASSic Platinic Chloride, which leaves spongy platinnm and 
potassic chloride, Pt -h 2KC1.) 

Tartaric acid produces from a concentrated solution of amnionic chloride 
a white crystalline precipitate of hydrlc ammonlc tartrate, resembling the 
potassium precipitate in its properties. The two precipitates are readily distin- 
guished on ignition. Hjdno potassic tartrate leaves a carbonaceous residue, 
which is strongly alkaline, and the potassic carbonate which it contains dissolres 
in water. The other leaves merely a residue of carbon, devoid of any alkaline 
reaction. 

Ammonic salts are decomposed, with evolution of ammonia gas, 
when heated with a hydrate of an alkali (KHo, KaHo), or alkaline 
earthy metal (BaHoa, CaHOj), thus : — 

2AmCl + CaHo2 = 2NH3 + CaClj -j- 2OH2. 

Neutral or normal salts of certain poly basic acids, e.g., well dried 
alkaline chromates, borates, phosphates, etc., readily decompose 
ammonic salts, especially when heated, with evolution of ammonia 
gas, and formation of acid salts, thus : — 

r CrOaKo 
2Cr02Ko2 -j- 2AmCl = <^ + 2NH3 + 2KC1 + OH^. 

[CrOgKo 

This reaction distinguishes, therefore, between normal and acul 
salts of polybasic acids. 

Ammonia gas is readily recognised, 1st, by its pungent odour ; 
2nd, by its turning red litmus paper, moistened with a drop of dis- 
tilled water, hlue ; 3rd, by its combining with the vapour of volatile 
acids (such as dilute hydrochloric acid) to form white fumes 
(AmCl). 

Nessler^s test* for trances of ammonia. — If a potassic solution of 
potassic mercuric iodide, 2KI,Hgl2, be added to a fluid containing 
mere traces of ammonia or of an ammonic salt, a brown precipitate 
of dimercurammonic iodide, or a yellow to brown coloration is pro- 
duced, according to the quantity of the ammonium compound 
present — 

2(2KI,Hgl2) H- 3KHo -j- NH4H0 = NHg"J,OH2 + 7KI + 3OH2. 

Brown pp. 

Ammonic hydrate and carbonate, as well as various other 
ammonium compounds, e.g., ammonic chloride, ammonic sulphide, 
are among the most useful reagents which the chemist possesses. 

QUESTIONS AND EXERCISES. 
1. How are potassium compounds recognised in the wet way ? 

* For the preparation of Nessler's solution, see Appendix. 



12 MAGNESIUM. 

2. How can potassium and sodium compounds be distinguished before the 

blowpipe flame ? 

3. State how you would ascertain whether the yellow precipitate produced by 

platinic chloride indicates the presence of a salt of ammonium or potas- 
sium. 

4. How can hydric potassic tartrate be distinguished from hydrio ammooic 

tartrate? 

5. Which sodic salts are found native ? 

6. How is spongy platinum prepared ? 

7. How would you test for mere traces of ammonia ? 

8. How much spongy platinum is obtained from 2'345 grms. of ammonic 

platinic chloride ? 

9. How much dry ammonia gas by volume (litres) and weight can be obtained 

by distillation with calcic hydrate from 5 grms. of ammonic chloride ? 

10. How would you examine a mixture containing ammonic chloride and potassic 

chloride ? 

11. A mixture of 1*5 grm. of sodic and ammonic chloride lost on ignition '234 

grm. ; what is the percentage of ammonic and sodic chloride present in 
the mixture ? 

12. Calculate the percentage composition of borax. 



4. MAGNESIUM, Mg". Atomicweight, 24.— Occurs in nature 

as OXIDE, in the mineral periclase, MgO ; as hydra.te in hrucite, 

MgHo2; as carbonate, in magnesite, COMgo", and in hydromagne' 

site, C30Ho2Mgo"4,30H2 ; as double carbonate, in dolomite, 

CO CO 

QQCao"Mgo", and mm^me spar, o^Mgo'Teo"; as sulphate, in 

hieserite, S0Ho2Mgo'' (from Stassfurth salt), and in epsomite, 

SOHo2Mgo", 6OH2 ; as phosphate, in wagnerite, POMgo'l piMg" j ; 

as SILICATE, in peridote, SiMgo"2, enstatite, SiOMgo", steatite, 

SiiOsMgo^s, talc, SisOeMgo^'i, serpentine, g.rx |^° //Mgo", meer- 

SiO 
schaum, Si202Ho4Mgo"2, BXiAiudiopside, «.r^Cao"Mgo" ; and lastly, 

as BORATE in horacite, BeOgMgo^a. 

REACTIONS IN THE DRY WAT. 

Magnesia salts, as such, impart no colour to a non-luminous gas- 
flame. The most characteristic reaction for magnesia, in the dry 
way, is the pale rose colour which this alkaline earth acquires on 
moistening with cobaltous nitrate, and then igniting it once more 
strongly on charcoal. 

This colour can, however, only be relied on when no other metaUic oxides are 
present ; and as magnesium salts do not colour the outer blowpipe flame, recourse 
must almost invariably be had to the reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, MgrS. Prolonged 
ignition of the carbonate yields caustic magnesia, which is almost insoluble in 
water. 

REACTIONS IN THE WET WAY. 

For this purpose a solution of magnesic chloride, MgCl2, or 
MAONEsic SULPHATE, S02Mgo", (S02(02Mg)"), is employed. 

Magnesia is not precipitated by ammonia in the presence of 
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ammonic chloride, because it forms a sohihle double chloride, 
2AmCl,MgCl2. In the absence of ammonic chloride, part of the 
magnesia is precipitated as hydrate, MgHo2, thus — 

2MgCl2 + 2AmHo = MgHo^ + 2AmCl,MgCl2. 

Soluble double chloride. 

In the presence of a sufficient amount of ammonic chloride, the 
magnesic hydrate is at once decomposed into magnesic chloride 
(MgHo2 + 2AmCl = MgCU + 2AmHo), and no precipitation takes 
place, nor is the double chloride precipitated by ammonic, sodic, or 
potassic carbonate. Hence magnesium cannot be precipitated in 
Groups III and IV, provided a sufficient amount of ammonic chloride 
he present, and the solution he kept sufficiently dilute, 

Potassic, sodic, calcic, and baric hydrate precipitate magnesia almost com- 
pletely as white maffiiesle hydrate, nearly insoluble in cold and hot water. 
Ammonic chloride, as well as other ammonic salts, dissolye it readily, or, if 
originally present in sufficient quantities, prevent its formation. 

Ammonic oxalate gives, after some time, f^m moderately dilute solutions of 
magnesic salts, a white crystalline precipitate of a double oxalate of magnesia and 
ammonia; not so, however, in the presence of excess of ammonic chloride. 

POHoNao2 (liydric dlsodlc phosphate), or better still, a solution 
of microcosmic salt, precipitates hydric magrneslc phosphate, 
POHoMgo". 

The precipitation is complete in the presence of ammonic chloride 
and ammonia. POAmoMgo'', 6Aq, ammoiilc mairneslc phosphate, 
falls as a white crystalline precipitate. The separation from a dilute 
solution of a magnesic salt is promoted by gentle heat, and by 
stirring with a glass rod. The precipitate is but slightly soluble in 
water and ammonic salts. In water containing ammonia it is 
practically insoluble. Dilute mineral acids dissolve it, as well as 
acetic acid. From very dUute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 

On heating ma^esic chloride with precipitated mercuric oxide, the chloride 
Is converted Into oxide, mercuric chloride being volatilized. This experi- 
ment must be conducted in a closet which is provided with a good indraught of 
air, and is in connection with a chimney flue. 

Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if the student bears in mind — 

1st. The volatility of ammonic salts (phosphates and borates 

excepted) . 
2nd. Th-e insoluhUity of MgHo2 *^ water, 
3rd. The insoluhUity of 2KCl,PtCl4 in alcohol, 
4th. The intense yellow coloration which sodium imparts to the 

blowpipe flame. 

A solution containing salts of Mg, K, Na, and Am, may be 
examined as follows : — 

1st. Heat a portion with NaHo ; ammonia gas is given off, which is recognised 
by its pungent odour, etc. — presence of Am. 



14 BARIUM. 

2nd. To a second portion add AmOl, AmHo, and POHoNaoj, a white crystalline 
precipitate indicates the pre§ence of Mgr. 

3rd. Evaporate a third portion to dryness and ignite strongly. Extract with 
hot water (without filtering off any magnesic oxy-chloride (Mgr20Cl2), 
which may have been formed), and add sufficient BaHo2 till the whole of 
the magnesia is precipitated as MgrHo,; filter. To the filtrate add 
OOAmO}, as long as a precipitate is produced, and filter again. Evapo- 
rate the filtrate to dryness, and ignite strongly to expel ammonic salts. 
Dissolve the residue in a little water, filter off a trace of UgrO (if any), and 
test filtrate for potassium by means of PtOl4 ; a yellow crystalline pre- 
cipitate — ^presence of K ; and for sodium, by heating on a platinum 
wire before the blowpipe flame ; a golden-yellow fiame indicates the pre- 
sence of Ka. 

QUESTIONS AND EXERCISES. 

1. How is magnesic sulphate prepared — 1st from magnesite; 2nd, from dolo- 

mite! 

2. Which are the most important magnesium minerals? Give constitutional 

and graphic formulae. 

3. Explain the action which ammonia, potassic hydrate, and sodic carbonate 

have upon solutions of magnesic salts in the presence of ammonic salts, 
and also without them. 

4. Describe fully the most characteristic reaction for magnesic salts in the wet 

way. 

5. How is magnesium separated from potassium and sodium ? 

6. How much crystallized magnesic sulphate, SOHogMgo", 6OH2 can be pre- 

pared from one ton of pure magnesite ? 



Chapter III. 

REACTIONS OF THE METALS OF GROUP IV. 

This group comprises the metals barium, strontium, calcium, which 
are precipitated by ammonic carbonate from an ammoniacal solution 
in the presence of ammonic chloride. The lattei| (if present in 
sufficient quantity) prevents the precipitation of magnesium. 

1. BARIUM, Ba". Atomic weight, 137. — Occurs in nature 
chiefly in the form of heavy spar, S02Bao", and as witherlte, 
COBao". 

REACTIONS IN THE DRY WAY. 

Barium compounds, when held in the fusing zone of a Bunsen 
gas burner, or when heated on thin platinum wire in the inner 
blowpipe flame, impart a yellowista-sreen colour to the outer flame, 
especially when treated with strong hydrochloric acid. When 
viewed through the spectroscope (tbe chloride* is best employed), 
two GREEN lines, Baa and BaiS, come out most intensely ; Ba7 is 
less marked. Besides these, there are numerous lines in the red 

> 

* The spectra of Ba and of the two following metals are probably those of 
the oxides, and not of the metals themselves. 
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and YELLOW, and one broad indistinct line in the blue, close to F of 
the solar spectmm. 

Heavy spar heated on charcoal in the reducing flame is reduced to baric sul- 
phide, BaS, which fuses readilj. This reaction is made use of to prepare, on a 
manufacturing scale, soluble baric salts from the sulphate. Baric carbonate is 
decomposed only slowly even by ignition to a strong white heat. 

REACTIONS IN THE WET WAY. 

Baric salts are obtained by dissolving the native carbonate or 
wUherite in acids.* Hea/vy spar is attacked by alkaline carbonates 
at a high temperature. By mixing, on a small scale, finely powdered 
baric sulphate with three to four times its weight of fusion mixture, 
and heating in a platinum crucible over a gas flame, it is converted 
into baric carbonate, thus : — 

SOjBao" -H CONaoKo = COBao" + S02NaoKo. 

Insol. in water. Soluble in water. 

On extracting the fused mass with hot water and filtering, 
COBao" is left, from which, by the addition of the respective acids, 
small quantities of the difEeront baric salts can be prepared. 

The same applies to celestine, S02Sro", and to anhydrite, 
SO,Cao". 

A SOLUTION OF BARIC CHLORIDE, BaCU, is employed. 

COAmoa (grroup-reasent) precipitates white bartc carbonate, 
COBao", soluble with decomposition in acids ; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, C202Ho2Bao", but it is reprecipitated, 
on boiling, with evolution of carbonic anhydride. Baric carbonate 
is partially decomposed by alkaline sulphates, e.g., potassic sulphate, 
into baric sulphate and alkaline carbonate. The decomposition is 
complete in the presence of free carbonic anhydride. COSro" and 
COCao" are not changed, not even on boiling with SO2K02. 

CONao2 and COK02, same precipitate. 

KHo and NaHo, free from carbonates and sulphates, which they rarely are, 
give from highly concentrated solutions a voluminous precipitate of barle 
hydrate, BaHo2, soluble in water. A solution of the hydrate in water is known 
as haryta-water. It possesses a strong alkaline reaction, and great affinity for 
carbonic anhydride. 

AmKo gives no precipitate. 

SO2H02, as well as all soluble sulphates, precipitate on boiling, 
especially in the presence of free acid (dilute HCl), heavy white 
baric sulphate, S02Bao", even from very dilute solutions of baric 
salts. The precipitate is insoluble in water, dilute acids and alka- 
lies ; soluble to a perceptible extent in boiling concentrated 
hydrochloric and nitric acids, and also in concentrated solutions of 
ammonic salts, but not if the precipitants are in excess ; soluble 
also in concentrated boiling sulphuric acid, with formation of 

♦ Dilute acids (HCl or NO2H0) should be employed, as the baric chloride 
and banc nitrate, which result from the action of these acids upon witherite, are 
insoluble in the concentrated acids. 
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dihydric baric disulphate, S204Ho4Bao". The presence of an 
alkaline citrate greatly interferes with its precipitation. Solutions 
of strontic or calcic sulphate (two sulphates which are but slightly 
soluble in water, especisJly the former) constitute the most delicate 
tests for barium. 

SOjBao" is loluble only in about 400,000 parts of pure water ; SOjSro" in 
7)000 parts of cold water ; whilst S02Cao'' dissolves in 390 parts of water at 
35° C, and in 460 parts at 100** C, being in fact less soluble in hot than in cold 
water. 

POHoNaOj (hydrle dlsodlc phosphate) gives from neutral or alkaline 
solutions a white precipitate of hydrle baric phosphate, POHoBao'', readily 
soluble in dilute nitric, hydrochloric or acetic acid. Perceptibly soluble in 
ammonic chloride. 

•I Qk^^ (ammoiile oxalate) gives from a moderately dilute solution 

of a banc salt, a white pulverulent precipitate of harle oxalate, < pJ^^Bao/' 

soluble in dilute nitric or hydrochloric acid. Soluble also in oxalic and acetic 
acids when freshly precipitated. 

CrOzKoa (potasslc chromate) gives a bright lemon-yellow preci- 
pitate of barle ehromate, CrOsBao", even from very dilute neutral 
or moderately acid (acetic acid) solutions, readily soluble in nitric, 
hydrochloric or chromic acid (CrOjHoa) — reprecipitated by am- 
monia. — (Distinction from strontic and calcic salts, which are 

NOT PRECIPITATED FROM DILUTE SOLUTIONS.) 

2HF,SiF4 (hydrofluoslllclc acid) gives a colourless crystalline precipitate 
of baric slUcofluorlde, BaF3,SiF4, which subsides quickly, especially upon 
the addition of an equal bulk of alcohol. It is somewhat soluble in water and 
in dilute acids, insoluble in alcohol. (Distinction of babic from stbontic 

AND CALCIC SALTS, WHICH QIVB NO PBBCIPITATB EVEN ON THB ADDITION OF 
ALCOHOL.) 

Soluble baric salts, such as baric chloride, nitrate or acetate, constitute ex- 
ceedingly useful reagents for the detection of acids, on account of the metal 
barium forming insoluble salts with most acids. 

QUESTIONS AND EXERCISES. 

1. How can baric sulphate be converted into baric nitrate or chloride ? 

2. Express in symbolic equations the different reactions for barium. 

3. Which are the most delicate reactions for barium ? 

4. How can barium be separated from strontium and calciimi ? 

5. 1*235 grm. of witherite gave '965 grm. of baric sulphate j what is the percentage 

of barium and of baric carbonate in the mineral? 

2. STRONTIUM, Sr". Atomic weight, 87-5.— Occurs in 
nature as sulphate in the mineral celestine, SOiSro"; and as 
CARBONATE in strontianiUy COSro". 

EXAMINATION IN THB DRY WAT. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour the outer flame intensely erlmson. When the 
flame is viewed through the spectroscope, it shows a number of 
characteristic lines, more especially the Sr/? and 7 linss in the red 
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and the line SrB in the blub, which latter is particnlarly suited for 
the detection of strontium in the presence of Ba and Oa. 

Celestinej SOsSro'^ heated on charcoal in the reducing flame, is conyerted into 
etrontic sulphide, SrS, from which the chloride may be prepared for blowpipe 
and other reactions, by treating the residue with hydrochloric acid. Strontio 
carbonate^ heated in a platinum crucible, over a gas-blowpipe, is almost com- 
pletely conyerted into oxide^ after about 20 minutes' heating. 

EEACTIONS IN THE WET WAT. 
A SOLUTION OF STRONTIO CHLORIDE, SrOlj, is USed. 

COAmoQ (ffroup-reasent) gives a white precipitate of stronttc 
carbonate, COSro'^ less soluble in amnionic chloride than the 
corresponding baric carbonate ; soluble in dilute acids. Carbonic acid 
produces the soluble dihydric strontic dicarbonate, C202HoaSro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

CONaoa and COK02, same precipitate. 

S02Ho2, or a soluble sulpliate, produces a wTiite precipitate of 
stronttc snlpbate, S02Sro'^ From dilute solutions a precipitate 
appears only after some time, especially if calcic sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 
in alcohol. It is insoluble also on boiling in a concentrated solution 
of ammonic sulphate, S02Amo2, and a little ammonia, (distinction 

BETWEEN STRONTIUM AND CALCIUM.) 

A solution of strontic sulphate in water is not precipitated by 
ammonic oxalate, but readily precipitates baric salts. 

FOHoNaos (hydrlc disodtc pbosphate) gives a white precipitate of 
bydrlc stronttc phospbatCt soluble in acids, including acetic acid. 

I GO A o (<^»>™ontc oxalate) precipitates strontic salts more readily 

than baric salts. The white precipitate of stronttc oxalate, X ^o^^'* ^ 

readily soluble in dilute nitric or hydrochloric acid; somewhat soluble in 
ammonic salts ; but sparingly soluble in oxalic or acetic acid. 

QUESTIONS AND EXERCISES. 

1. How are strontic chloride and nitrate prepared — 1st, from strontianite ; 2nd, 

from celestine ? 

2. Which are the most characteristic reactions for strontium ? 

3. How can strontium be distinguished from barium ? 

4. How can strontium be separated from calcium ? 



3. CALCIUM; Ca''. Atomic weight, 40. — Occurs in nature in 
the mineral, vegetable, and animal kingdom, in vast masses, in com- 
bination with carbonic, sulphuric, silicic and phosphoric acids. In 
plants it occurs Qombined with carbonic, sulphuric, and phosphoric 
acids ; in animals combined with phosphoric and carbonic acids. It 
is occasionally also found in minerals which result from the action 
of acids (such as nitric or arsenic acid) upon cdlc spar. 

The principal calcium minerals are the various calcic carbonates,, 

c 
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differing in physical properties or in crystalline stmctnre, snch as 
cede spar, COCao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into ha/ryto-calcite and dolomite, siderite, diallogite, Q,nd phimho-caldte), 
arragonite, marble, limestone, chalk; the sulphates, such as gypsum, 
SHo4Cao", anhydrite, S02Cao", alabaster, selenite ; the phosphates, 

such as apatite, PsOaCao^if -pCa" V, bone-earth, Pa02Cao"s; and 

Jluor spar, CaFa. 

EEACnONS m THE DET WAT. 

Most calcium compounds, when heated in the inner flame of the 
blowpipe, colour the outer flame yellowlsli-recl ; calcic phosphate 
and borate excepted. The presence of strontium entirely obscures 
the calcium reaction. The lime spectrum shows, among other 
lines in the bed and tellow, an intensely irreen line, CaiS, also an 
intensely orange line, Caa. It requires a very good spectroscope 
to see the faint tndlso-blue line to the right of Gr in the solar 
«pectrnm. 

Calcic carbonate when strongly ignited becomes converted into caustic or 
quicklime, OaO, which reacts alkaline. It combines with water very eagerly, 
evolving much heat, and is converted into calcic hydrate, OaHo^ (slaked lime), 
which is less soluble in water than either baric or strontic hydrate. It is also 
moi*e soluble in cold than in hot water. Calcic sulphate is converted into calcic 
sulphide, OaS, when ignited on charcoal in the reducing flame. The mass reacts 
likewise alkaline. 

EEACTIONS IN THE WET WAT. 

Calcic salts are readily prepared from pure cai^c spar or marble, 
by means of dilute acids. 

A SOLUTION OF CALCIC CHLOEIDB, CaCl2, IS USCd. 

COAmo2 (trroup-reafirent) precipitates white calcic carbonate, 

•COCao", which is bulky and amorphous at first, but on warming 
gently becomes rapidly crystalline. Calcic carbonate is somewhat 
soluble in ammonic chloride, especially when freshly precipitated. 
It is in fact partially reconverted on boiling into calcic chloride. 
CONao2 and COK02, same reaction. 

SO3H02, or a soluble sulphate, precipitates from concentrated solutions of 
a calcic salt white calcic sulphate, S0Ho20ao'' + Aq., soluble in much water, 
and still more soluble in acids. A precipitate is obtained on the addition of twice 
the volume of alcohol from solutions which are too dilute to be precipitated by 
sulphuric acid or a soluble sulphate. Calcic sulphate dissolves readily on boiling 
in a concentrated solution of ammonic sulphate. 

A solution of calcic sulphate precipitates both baric and strontic salts. 

FOHoNao2 (hydric dlsodlc phosphate) gives a bulki/ white precipitate of 
tricalcic phosphate, F202Cao''s, soluble in dilute hydrochloric or nitric acid, 
and soluble in acetic acid ; reprecipitated by ammonia. 

I COAino (*™™®"*® oxalate) produces even from very dilute 

solutions of calcic salts a white puherulent precipitate of calcic 

{CO 
QQCao" + Aq., readily soluble in hydrochloric or nitric 

acid ; not perceptibly soluble in oxalic or acetic acid. On gentle 
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ignition calcic oxalate breaks up into calcic carbonate, and carbonic 
^xide gas, and on igniting very strongly, caustic lime is left. 

Soluble calcic salts, such as the chloride or nitrate, constitute important 
reagents for the detection of acids, on account of the metal calcium lorming 
insoluble salts with many acids. 



QUESTIONS AND EXERCISES. 

1. Which are the most important natural lime compounds ? 
.2. GKve graphic formulas ior gypsum^ aiihydritel caU spar^fiiior spar, apatite, 
^. Which are the most delicate reactions for calcium in the wet way ? 
4. Calculate the percentage composition of hone ash. 

8&pa/ration of Barium^ Strontium, and, Gahitmi. — Barium minerals 
frequently contain strontium and calcium, and strontium minerals 
barium and calcium as well. A method of separating these metals 
is based upon — 

1st. The insolubility of BaOls in absolute alcohol (SrCl2 and 

CaClj being soluble). 
2nd. The i/nsolnbility of N204Bao", and N204Sro" in absolute 

alcohol (calcic nitrate being soluble). 

A hydrochloric acid solution of the mineral containing Ba and Sr, or Sr and 
-Oa, or possibly Ba, Sr and Ca, is prepared, and the solution evaporated to dry- 
ness and gently ignited. (Strong ignition must be avoided, as OaClj is slightly 
decomposed into an insoluble basic salt.) • 

Barium is separated from strontium and calcium, by digesting the finely 
rdiyided residue with absolute alcohol, and separating the un£ssolyed BaClo by 
filtration. 

Strontium is separated from calcium by evaporating or distilling off the abso- 
lute alcohol, which contains the SrCl2 and OaClj ; precipitating with COAmo2, 
Altering, and conversion of the strontic and calcic carbonates into nitrates by 
means of dilute nitric acid. The solution of the two nitrates is evaporated to 
-dryness on a water-bath and absolute alcohol added, when calcic nitrate is 
•dissolved out, strontic nitrate being insoluble in absolute alcohol. 

The presence of these metals may be confirmed by setting fire to the alcoholic 
solution containing baric, strontic, or calcic chloride (or nitrate) ; the alcohol is 
seen to bum with the characteristic colour observed when traces of these salts 
were heated on a platinum wire. 

Several other methods for recognising and separating the metals 
of Group IV will suggest themselves. 

It is often useful to ascertain whether one or two, or all the metals of this 
group are present in a solution. This can be done by adding to their neutral 
solution a solution of Or02Ko3, or 2HF,SiF4. A yellow or a transparent crys- 
talline precipitate indicates barium. To a portion of the filtrate add SOjCao'' ; 
a precipitate forms perhaps only after some time, proving the presence of stron- 
tium ; or the solution remains clear, in which case calcium oidy need be looked 
for, the presence of which is indicated by the precipitate which ammonic oxalate 
produces from another portion of the largely diluted solution. If both strontiuqi 
and calcium are present, separation becomes desirable. 

No difficulty will be experienced by the student in drawing up 
ischemes of ansdysis based upon — 

c 2 
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1st. The insdulnltty o/BaCl, and NsOtSro'' in ahtdute alcohol. 
2nd. The insohibiUiy of BaCls in absolute alcohol and thai of 

SOtSro" in a concentrated solution of SOsAmos. 
3rd. The insolubility of BaFs,SiF4, or CrO^ao'', as well as of 

SOsSro'^ in water ; calcic sulphate being sufficiently soluble- 

to be readily indicated by amnionic oxalate. 

PRACTICAL EXERCISES* ON GROUPS IV AND V. 

Ton are requested to analyse — 

1. A solution of salts of the metals K, Mg, and Ba. 

2. A mixture (about '5 grm.)*of the solid salts NaCl, SrClj, and wtaymesia alba 

3. A mixture of the solid salts AmCl, BaCLj, and GOCao''. 

4. A mixture of the salts AmCl and SO^Mgo". 

5. A mixture containing finely powdered marble, baric carbonate, and common 

salt. 

6. A solution of BaClg and SrClj, containing *010 grm. of Ba and *100 grm. 

of 8r- 

7. A solution of NaCl, KCl, and KgrClj, containing -020 grm. of £, *200 grm. 

of Na, and '050 grm. of Mg. 

8. A solution of SrClj and CaClj, containing *050 grm. of Sr, and *500 grm. 

of Ca. 



Chapter IV, 

BEACTIONS OF THE METALS OF GROUP III, OH 

AMMONIC SULPHIDE GROUP. 

Group III comprises the metals Nickel, Cobalt, Manganese, Zinc, 
Iron, Chromium, Aluminium, likewise the phosphates of these metals, 
and of Magnesium, Barium, Strontium, and Calcium. 

1. Add to a solution t containing N204Coo'^Fe2Cl6, and calcic phosphator 
dissolred in a little dilute hydrochloric acid, a concentrated solution of ammonic 
chloride, and then ammonia. A precipitate is produced. Filter, and add to the 
filtrate ammonic sxdphide. A further precipitation takes place ; the precipitate- 
is black. 

This shows that some members of this group are precipitated by 
AmOl and AmHo ; others only on the addition of SAm2. 

2. Add to a solution of FojCl^, CrjCle, and AI3CI5, ammonic chloride and 
ammonia, till it is just distinctly ammoniacal, and boil for a few minutes. A 
bulky gelatinous precipitate is obtained. Filter. Add to the clear filtrate a few 
drops of ammonic sulphide : no further precipitation takes place. 

• As a control upon the work done in a laboratory, the analytical results 
should be carefully recorded by the student (as far as possible, in a tabular form) , 
and should be discussed and corrected, if necessary. By these means only it is 
possible to control and direct the analytical studies of a large class. 

t Solutions containing '005 grm. of the metal in every c.c. are readily pre- 
pared, and should be kept for use. 5 c.c. of each solution will be found a 
conyenient quantity. 
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Showing that Iron, Ohromium, and Aluminium are precipitated 
^as hydrates) from their saline solutions by AmOl and AmHo alone, 
without the aid of BAm2. (Amnionic chloride has no share in the 
precipitation, but counteracts the solubility of the aJuminic hydrate 
in excess of the precipitant, and prevents the precipitation of 
magnesium as hydrate, if present in a solution.) 

3. Dissolve some baric, strontic, calcic, and magnesic phosphates in dilute 
iijdrochloric acid, and cautiously add to the solution ammonia. No precipitate 
is produced till the free acid has been neutralised (with formation of ammonio 
chloride), when the phosphates are reprecipitated. FUter and add ammonic sul- 
phide to the filtrate. No further precipitation takes place. 

This shows that the plwsphates of the alkaline earthy metals are 
jpredpitated by ammonia alone. 

4s. Dissolve some phosphates of Ni, Co, Mn, Zn, and Fe^^ in dilute hydro- 
'Chloric acid.* To one portion of the solution add ammonic chloride and ammonia. 
A precipitate is formed. The phosphates are reprecipitated. Filter and add 
ammonic sulphide ; a further precipitate is produced. 

Showing that the 'phosphates of these metals are not entirely pre^ 
cipitated by ammonic chloride and ammonia. 

Thus far it will be seen that these two reagents precipitate : — 



Nickelous phosphate 
Cobaltous „ 


Chromic phosphate 
Aluminic „ 


Manganous „ 
Zincic „ 


Baric „ 
Strontic „ 


Ferric „ 


Calcic „ 


Ferric hydrate 
Chromic „ 


Magnesic „ 


Aluminic „ 





5. To a solution of SOaNio", N2O4C00", SOjZno", and HLxiCia (free from 
Fe), add AmCl in considerable excess, and then AmHo in slight excess. No 
precipitate is obtained, the precipitate first produced by AmHo being soluble in 
the ammonic salt. To one portion of the solution add strong sulphuretted 
hydrogen water (or pass a current of sulphuretted hydrogen gas) ; a copious 
precipitate is produced, consisting of NiS and OoS (black), ZnS (white), and 
MnS (pale pink). 

This shows that Nickel, Cobalt, Manganese, and Zin^y salts are 
not precipitated by AmGl and AmHo, but by BAnh. 

On exposing the other portion of the solution for some time to the air, it is 
seen to turn turbid w here it is in contact with the air. Heat and shake the 
solution and the turbidity increases rapidly. 

Showing that AmOl and AmHo produce^ under favov/rable con- 
editions, a partial predpUation. 

6. To another portion of the solution of the phosphates of Ni, Co, Mn, Zn, 
.and Fe (see 4), add AmCl, AmHo, and SAmj, without first separating by filtra- 



* This solution may also be prepared by adding hydric disodic phosphate to 
.Bolutions of the above metals as long as a precipitate forms, and dissolving the 
jpreoipitate in a little hydrochloric acid. 
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tion, the precipitate produced by AmCl and AmHo. The Phosphates op 
Co, Ni, Mn, Zn, and Fe, which may be present in the hydrochloric acid solu- 
tion, ABE decomposed INTO SULPHIDES, AND AMMONIC PHOSPHATE IS LEFT IN 
SOLUTION. 

7. To a solution of FejCIg add AmCl and AmHo. A reddish-brown precipi- 
tate of ferric hydrate, FegHoe, is produced, which on the addition of SAxa^ turns 
instantaneously black. 

This shows that iron is first jprecipitated as hydrate, am,d is 
subsequently converted into sulphide. Chromic and aluminic chloiides 
are precipitated under the same circnmstances as hydrates, but 
they form no sulphides in the wet way. 

It will thus be seen that the group-reagents AmCl and AmHo, 
for reasons stated under 4 and 6, cannot thoroughly separate some 
of the members of Group III from others, and that SAm2 should 
invariably be added as well. The three reagents* precipi- 
tate: — 

1. Sulphides — 

NiS black 

CoS black 

MnS pale pink 

ZnS white 

FeS black. 

2. Hydrates — 

CrjHos green 
AI2H06 white. 

3. Phosphates of Cr, Al, Ba, Sr, Ca, and Mg. 



NICKEL, Ni" and *\ Atomic weight, 58-8.— Occurs in nature 
as SULPHIDE, NiS", in cajpillary pyrites, hair nickel, or millerite ; as 

* Add AmHo to a solution of baric, strontic, calcic (and magnesic) oxalates in 
dilute hydrochloric acid, as long as a white precipitate is obtained. The oxalates 
of the alkaline earths are reprecipitated more or less completely as soon as the 
hydrochloric acid which (as in the case of the corresponding phosphates) holds 
them in solution is completely neutralised. 

The same applies to the fluorides, borates, tartrates, citrates, &c., of these 
earthy bases, which are precipitated by AmHo, although in the presence of much 
AmCl they are to a great extent held in solution. 

Silicic acid and silicates, soluble in hydrochloric acid, are likewise acted upon 
by AmCl and AmHo, gelatinous silica, and silicates, being precipitated. 

In order to avoid complicating the qualitatiye course, it is usually preferred 
to evaporate the hydrochloric acid filtrate from Q-roup II to complete dryness, 
with the addition, towards the end of the evaporation, of a little concentrated 
nitric acid, whenever AmCl and AmHo produce a precipitate. By these means 
silicic anhydride, SiOj, is left behind insoluble in acids; the fluorides and 
borates are for the most part decomposed ; boric and hydrofluoric acid being 
set free or volatilized. Oxalates are destroyed with evolution of carbonic anhy- 
dride by the oxidizing action of the nitric acid ; and tartrates, etc., are broken up 
by gentle ignition into carbon and volatile gaseous products ; ferrous salts are 
converted into ferric salts, and on extracting the ignited residue with a little 
concentrated hydrochloric acid, the metals are obtained in solution as chlorides, 
together only with the phosphates of the alkaline earths, earthy and metallic 
bases. 
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ABSENIDE, in arsenical nickel, < "Aa'^^''» ^"^^ ^ cop2)er nickely 

I 'Aa"N"" » ^ ATiMONiDB, in < 'gh^Ni"' ^^^^^^'^^^y nickel, combined 

r "As' 
with SULPHIDE, as in 7dckel glance or ^rey nickel ore, i ,/ . /NijNi^'^Say 

r "Sb' 
as amiimoruy nickel glance, < /^g^^f Ni,Ni*'^S2 ; also in the form of 

minerals, which are the result of the oxidation of other nickel 
minerals, e.g., as nickel ochre, As302Nio"8, and emerald nickely 
C(0Ni"Ho)2Nio",6OH2. 

EEACTIONS IN THE DET WAT. 

When nickel compounds are heated on charcoal with dry sodic 
carbonate in the inner blowpipe flame, they are reduced to a grey 
metallic powder which is magnetic. Heated on a horax bead, in the 
outer flame, nickel compounds yield an intensely coloured glass, 
which appears tayacintb-red to Tiolet-brown when hot, and yellowlsli 
te slierry-recl when cold (according to the quantity of nickel 
present). On fusing a little nitre in the bead, the colour is changed 
to blue or dark pui-ple, whereby nickel compounds may be distin- 
guished from iron. Heated in the reducing flame the colour dis- 
appears, and the bead assumes a turbid grey appearance, owing to 
finely divided particles of metallic nickel. The reactions with 
microcosmic salt are similar, but the bead becomes almost colour- 
less when cold. 

EEACTIONS IN THE WET WAT. 
A SOLUTION OF NICKELOUS SULPHATE, S02Nio", = S02(02Ni)" is 

employed. 

Solutions of salts of nickel are generally green ; those of cobalt red. A solu- 
tion of cobaJtous chloride turns blue on heating. A solution of both a nickel 
and a cobalt salt is red, green, or colourless, according to the quantities present 
of each of the metals in solution. 

SAm2 (sroup-rea^ent) gives a black precipitate of nickelous 

snlplitcle, NiS, slightly soluble in excess of the reagent, especially 
in the presence of free ammonia or of yellow ammonic sulphide, 
forming a dark brown solution, whence the sulphide is reprecipi- 
tated on boiling. The presence of ammonic chloride (or better 
still, ammonic acetate) assists the precipitation. Nickelous sulphide 
dissolves with difficulty in dilute hydrochloric acid, readily in nitric 
acid or aqua regia, and is but slightly soluble in acetic acid. 

SHs gives no precipitate in acid solution, and a partial precipitate only from 
a salt of nickel with a mineral acid ; but produces readily a precipitate from a 
solution of nickelous acetate, or a nickelous salt mixed with an alkaline acetate, 
especially on heating. 

NaHo or KHo precipitates an apple-green hydrate, NiHo2, 
insoluble in excess, soluble in ammonic salts to a greenish-blue 
fluid. Nickelous hydrate leaves on ignition nickelous oxide. It 
does not absorb oxygen from the air. 
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AmHo produces a slight greenish precipitate, readily soluble to a blue fluid. 
No precipitate in presence of amnionic chloride. 

OONaOj precipitates an apple-green basic carbonatCt varying in composi- 
tion. 

OOAmos same precipitate, readily soluble in excess, when filtered and washed, 
to a greenish-blue solution. 

KCy (free from cjanate (CyKo) and carbonate*) gives a 
yellowish-green precipitate of nlckelous cyanide, NiCj2, which 
dissolves readily in excess of potassic cyanide to a brownish- 
yellow solution, containing a double cyanide of nickel and potas- 
sium, 2KCy,NiCy2. On adding a dilute acid (HCl or SO2H02), 
NiOyj is reprecipitated, and KOy is decomposed with evolution of 
HCy. Boiling with hydrochloric acid decomposes the nickelous 
cyanide likewise. 

The solution of the double cyanide is not altered by boiling with 
excess of HCy, but the nickelous salt is oxidized in the cold by 
chlorine, or on the addition of a concentrated solution of sodic 
hypochlorite, ClNao, to hlack ntckeltc hydrate, 'Ni"2Ho6, which is 
gradually precipitated, thus : — 

2NiCy2 + ClNao + 5OH2 = NiaHoe + NaCl + 4HCy. 

Nickelic hydrate may also be obtained by passing chlorine 
through water in which nickelous hydrate is suspended. HCl 
decomposes the tetrad nickel compound into nickelous chloride and 
free chlorine. Nickelic oxide, Ni203, obtained by igniting the 
hydrate, or by keeping the nitrate at a temperature of about 200° C, 
is a black substance, scarcely soluble in boiling acetic a^id, 
• 

QUESTIONS AND EXEECISES. 

1. Express in symbolic equations the reactions for nickel in the wet way. 

2. State which are the principal nickel minerals, and translate into graphic 

formulae the constitutional formulae of emerald nickel, antimony nickel, 
nickelous nitrate and arsenate. 

3. Calculate the percentage composition of capillary pyrites. 



COBALT^ Co" and *^ Atomic weight, 58-8.— Occurs in nature 

r coS" 

as SULPHIDE or cobalt pyrites, CO2S3 or < CoS"^" ' ^ arsenide 

/ "As' 
in < " Ah'^^"' tin-white cobalt or smaltine (speiss cobalt), as sulph- 

/, A g/ Co ",00*^^82; also in the form of 

products of oxidation, such as cobalt vitriol, SOHo2Coo",60H2, as 
arsenate, AS202Coo"3,80H2, in cobalt bhom, and generally in small 
quantity in nickel and iron ores, 

* It is preferable to add hydrocyanic (prussic) acid, HCy, to a neutral solu- 
tion of a nickelous salt, and then KHo drop by drop, till the yellowish-green pre- 
cipitate is redissolved. Great caution has to be observed on account of the highly 
poisonous nature of HCy. 



COBALT. 25 

REACTIONS IN THE DRY WAT. 

Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenious anhydrides are evolved: 
The residue is then introduced into a borax bead, and heated in the 
outer flame, when a fine blue, so-called cobalt glass, is obtained. 
This colour remains the same both in the outer and inner, or reducing 
flame. In cases where much Mn, Fe, Cu, or Ni are mixed with Co, 
the blue appears distinctly only after the bead has been heated for 
some time in the reducing flame. Microcosmic salt gives the same 
blue bead. Heated on charcoal, with sodic carbonate, in the reducing 
flame, cobalt separates as a grey metallic powder which is attracted 
by the magnet. 

REACTIONS IN THE WET WAT. 

NO 

A SOLUTION OF COBALTOUS NITRATE, jaQ^GoO^\ is USed. 

SAm2 (irroup-reasent) gives a black precipitate of cobaltous 
sulphide, CoS, insoluble in excess of the reagent, scarcely soluble in 
acetic acid, and very difficultly soluble in dilute hydrochloric or 
sulphuric acid, but readily soluble in aqua regia upon the applica- 
tion of heat. Hence a black residue left, on treating the ammonio 
sulphide precipitate of Group III with dilute hydrochloric acid, 
indicates probably the presence of cobaltous or nickelous sulphide. 

SHj gives no precipitate from an acid solution, but precipitates cobaltous 
sulphide partially from a neutral solution, and wholly from a solution of cobaltous 
acetate, or from a solution of a cobaltous salt containing a mineral acid, on the 
addition of an alkaline acetate, and upon heating. 

KHo or NaHo gives a precipitate of a blue basic salt, which 
turns olive-green on exposure to air, owing to the absorption of 
oxygen. On heating, a rose-red cobaltous hydrate, CoHoa, is obtained, 
which, however, contains mostly a small amount of dark brown 
cobaltic hydrate. Ammonic carbonate dissolves the precipitate 
(after filtration and washing) to an intensely violet-red fluid. 

By suspending cobaltous hydrate in water, and passing a current 
of chlorine into it, black cobaltic hydrate is precipitated, whilst 
oobaltous chloride remains in solution, thus : — 

3C0H02 + CI2 = CO2H06 + C0CI2. 

Cobaltic 
hydrate. 

In the presence of an alkali (NaHo) the whole of the cobaltous 
hydrate is converted into cobaltic hydrate. 

AmHo produces in neutral solutions a slight precipitate of a basic salt, 
which dissolves readily in excess. The solution is reddish-brown. Ammonio 
chloride prevents the precipitation altogether. The solution absorbs oxygen from 
the air, and becomes red on standing. 

CON'aos precipitates a peach coloured basic carbonate. 

OOAmo2, same precipitate; readily soluble, however, in excess, to a red 
solution. 
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KCy gives with all normal cobaltous salts a brownish-white pre- 
cipitate of cobaltous cyanide, CoCys) soluble in excess, reprecipitated 
by dilute hydrochloric or sulphuric acid. 

If the cobaltous solution, however, contains free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon the excess 
of KCy, and if the solution containing the double cyanide 2 KCy, 
OoCya, be heated for some time, dilute hydrochloric or sulphuric 
acid no longer produces a precipitate, the whole of the cobaltous 
cyanide having been converted into cobaltic cyanide, 'Co'"2Cy6, 
which remains combined with 6KCy to form a well defined and 
stable salt, called potasstc cobalticyanide, K6Co2Cyi2, hydrogen 
being evolved, thus : — 

2CoCy2 + 2HCy = Co^Cye + Ha. 
6KCy + COjCye = K«Co2Cyi2. 

Fotassic 
cobalticjanide. 

This salt is not acted upon by sodic hypochlorite in the cold. 

Separation of Nickel from Cobalt. ^It is obvious that the hydro- 
cyanic acid reaction is a method of separation of nickel from cobalt. 
— To a neutral solution of the two salts add cautiously, drop by 
drop, a solution of potassic cyanide as long as a precipitete forms, 
and till the precipitate is just redissolved and the yellowish- 
brown turbid liquid has become clear. Heat gently for some time 
in a well- ventilated closet, allow to cool, and add a concentrated 
solution of sodic hypochlorite. NiaHoe is precipitated in the coldy 
and cobalt remains in solution, as K6Co2Cyi2. Separate by filtra- 
tion. Test the residue before the blowpipe for nickel and evaporate 
the solution to dryness, and test for cobalt by means of a borax 
bead. 

Instead of separating nickel as Ni2Hoe by means of ClNao, the solution, after 
digesting with excess of HCy, or KCy, may also be precipitated whilst hot, with 
finely divided freshly precipitated mercuric oxide. On digesting for a short 
time at a gentle heat, the whole of the nickel is precipitated, partly as NiHo2, 
partly as NiCy2, the mercury combining with the Uberated cyanogen. Filter 
off the greenish or yellovjish-grey precipitate, wash, and ignite. Pure NiO is 
left; thus: — 

(1) 2NiCy2 + xHgrO + OHj = HgrCya + NiHo2,NiCy2 + x - IHgrO. 

Greenish 
precipitate. 

(2) NiHo2,NiCy2 + HgrO = 2NiO + HgrCyj + OH2. 

Yolatile 
on ignition. 

The cobalt remains in the solution as KgCo2Cyi2. Nearly neutralize with 
dilute nitric acid, and add a neutral solution of mercurous nitrate, N204ng2o''. 
A white precipitate of mercurous cobaltlcyanlde, (Hg"s)3Co2Cyi2> forms, 
which contains the whole of the cobalt. Filter, wash, and ignite imder a hood 
with free access of air, when trlcobaltlc tetroxide, O03O4, is left. 

Another method of separation consist-s in adding a concentrated solution of 
NOKo (potasstc nitrite) in considerable excess to a concentrated normal 
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solution of the two metals, then acetic acid in sufficient quantity to freely re* 
dissolve the precipitate, -which is at first produced by the free KHo and OOKos 
contained in the NOKo. On keeping the solution in a moderately warm place, 
the nickel salt remains in solution, and the whole of the cobalt separates in 
the form of a crystalline precipitate of a fine yeUow colour (from a dilute 
solution only after long stcmding), the formation of which is expressed by the 
equation : — 

2^^200^' + 14N0K0 + 4{qq^^ + OH2 = NeOcCoaO'S 

Yellow 

eNOKcSOHa + 4NO3K0 + ^J^qJ^^ + N3O3. 
precipitate. 

The precipitate is perceptibly soluble in cold, and more readily still in hot 
water ; it is decomposed by hot nitric or hydrochloric acid, or by potassic hydrate ; 
insoluble in alcohol ; insoluble in the presence of potassic acetate ; and it can 
therefore be washed by a solution of potassic acetate, and finally with alcohol. 

This BEACTION SBPABATES NICKEL FBOM COBALT TBBY EFFECTUALLY. 

From the filtrate the nickel is best precipitated as an apple-green basic car- 
bonate by a fixed alkaline carbonate. 

The presence of Ba, Sr or Ca salt interferes with the reaction, as it gives 
rise to the precipitation of triple nitrites of Co, Ni and another metal. 

On igniting a small quantity of N204Nio", a dirty greyish powder of NiO is left. 
Ignite next N2O4C00'' gently (202° C), and black cobaltous dicobaltic tetroxide^ 

C03O4 = -j qqQ Coo", is left, which is not soluble in boiling dilute acetic acid. 

On treating this oxide with hydrochloric acid, chlorine gas is evolved, according 
to the equation : — 

C0SO4 + 8HC1 - 3C0CI2 + CI2 + 4OH2. 

Both nickel and cobalt are capable of forming compounds in which the metals 
exist in a tetrad condition, viz., 

Nl203,or{^J^O, and CoaOa, or {^oO^ 5 CoaSg. 

Nickelic Cobaltic Cobaltic 

oxide. oxide, sulphide. 

Ni203 is, however, mostly obtained in the wet way by the action of oxidizing, 
agents, and cannot exist at a high temperature. 

O03O4, on the other hand, is obtained in the dry way, or on gentle ignition of 
cobaltous salts containing volatile acids, and gives up a portion of its oxygen 
only on strong ignition. 

The same tendency to form a compound in which cobalt exists as a tetrad 
element, is observed on exposing the freshly-precipitated hydrate to the air, or 
on passing chlorine or adding bromine or iodine to cobaltous solutions. 

Little use is, however, made of these reactions beyond the conversion of 
Co0y2 into COjCye, in the presence of potassic cyanide, or of CoO into C02O3 in 
the potassic nitrite reaction. 



QUESTIONS AND EXERCISES. 

1. Translate into graphic formulae the constitutional formulae of cobalt pyritesy 

cobalt vitrioly cobalt bloom, cobaltic cyanide. 

2. How is Co separated from Ni ? 

3. 2 grms. of an ore containing Ni and Co yield '221 grm. of NiO and '1575' 

grm. of O03O4 ; what is the percentage of Ni and Co in the ore ? 

4. How would you prepare potassic cobalticyanide ? 



28 MANGANESE. 

MANGANESE, Mn", ^ and ^. Atomic weight, SS.—Occurs 
in nature mainly in the state of Oxides, of which the mineral 
pyrohisite, Mn*^02, is the most important. It is found in small 
^juantities in many iron ores, and is a frequent constituent of siLi- 
<:;ates : the MnO replacing the isomorphous bases, FeO, ZnO, MgO, 
CaO, without altering the crystalline structure of the minerals. It 
exists both in the dyad and tetrad condition in manganous and man- 
ganic oxides. The Anhydrous Oxides known, besides pyrolusite, 

are hraunite, MnOMno'^, or Mn^^gOs, hatismannite, TurnO^^^ "' ^^ 
Mn^^aOi ; the Hydrates are : manganite, < lur,* r^-pr > psilomelcme, 

MnOHo^^^"' ^aci, JJnHos^''^"' varvicite, I Mno''(O.Mn»^Hoa)", 

rMnHoa 
•copper mcmgcm, < Quo". Manganese is found in combina- 

[MnHoj 
tion with sulphur, in manganese blende, MnS ; with carbonic acid, 
in diallogite, COMno" ; with silica, in red manganese or mangan 
kiesel (rhodonite), SiOMno", and in tephroite, SiMno"2; with phos- 
phoric acid, as triplite, P20Mno"2Feo 2. 

EXAMINATION IN THE DRY WAY. 

The presence of manganese is readily detected in minerals which 
contain no other oxides capable of colouring fluxes, as they dissolve 
when heated in the outer flame, in the horax bead, or in a bead of 
microcosmic salt, to a clear violet- red pearl, which becomes of a fine 
ametliyst colour on cooling. The bead becomes colourless when 
heated in the reducing flame. K other metalHc oxides are present, 
it is preferable to mix a small trace of the finely powdered man- 
:ganese compound with two or three times its weight of sodic carbo- 
nate (a little nitre may likewise be added), and to fuse on platinum 
foil (a small platinum spoon or the lid of a platinum crucible) in 
the oxidising flame, when a blulsli-ffreen mass is left after cooling, 
consisting of sodlc mansanate, Mll02Nao2. The mass at the same 
time loses its transparency. This forms the most characteristic 
reaction for Manganese. Manganous and manganic oxides are 
converted into a higher oxide, Mn^Oa, in which Mn exists as a 
hexad. 

EXAMINATION IN THE WET WAY. 

All the higher oxides of manganese, when heated with hydro- 
chloric acid, evolve chlorine, and are converted into manganous 
chloride. The chlorine so evolved t)ecomes the measure of the 
amount of MX1O2 present in a manganese ore. 

A SOLUTION OF MANGANOUS CHLORIDE, MnCl2 (free from Fe) may 
be employed. 

Solutions of pure manganous salts (free from manganate or permanganate) 
rare colourless. 
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SAnis (ffroup-rea^ent) gives B, flesh-colottred precipitate of man- 
sanouB sulphide, MnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipita- 
tion of manganese (method of distinguishing Co andNi peom Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 

SHs does not precipitate a neutral solution of a manganous salt ; the acetate 
eren is precipitated very slowly and imperfectly, and not at all when free acetic 
acid is present. 

KHo or I^aHo gives a white precipitate of manganous hydrate, 
MnHoa, insoluble in excess. The precipitate speedily absorbs 
oxygen from the air, and turns dark brown with formation of 

MnOTT » ^^®^ i* ^^ longer dissolves completely in ammonic 

chloride. 

AmHo precipitates a white hydrate from neutral solutions ; in- 
soluble in excess, or in ammonic carbonate. 

No precipitate is produced in solutions containing ammonic 
chloride. On exposing an ammoniacal solution of the soluble 
double chloride, 2AmCl,MnCl2, to the action of the air, the whole 
of the manganese is gradually precipitated as dark brown dlman- 

sanic dtoxydlhydrate, < TyTnOHo' "^^^ reaction is characteristic for 
manganese compounds. 

AmHo conveys in this change oxygen to the manganous salt in a manner 
similar to the action it has upon cobaJtous salts, or upon metallic copper, in the 
presence of oxygen or air. 

Owing to this tendency of manganous salts to become oxidized and precipi- 
tated in the presence of AmHo, it is all but impossible to separate manganous 
from ferric salts by means of AmC^l and AmHo. The reddish-brown ferric 

hydrate, which is precipitated, invariably carries down more or less i «_ J^S^ ; 

and small quantities of manganese cannot, fherefore, be separated from iron by 
precipiiation with AmCl and AmHo. The separation succeeds best if the excess 
of ammonia is immediately boiled off. 

OONaos or OOKoj precipitates white mansanous carbonate, COMno'', 
insoluble in excess of the reagent, but pretty readily soluble in ammonic chloride. 
This precipitate absorbs likewise oxygen from the air, and turns to a dirty 
brownish-white colour, owing to the formation of dimanganic dioxydihydrate. 
On ignition with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trlmansanlc tetroxide, Mn304. All man* 
ganese oxides are obtained upon ignition in air in the form of ])fl!n304. 

KCy gives a whitish precipitate of maniranoas cyanide, MnCys, soluble in 
excess to a brown solution, which is not precipitated by SAnig. 

It has just been seen how readily manganous compounds are converted, more 
or less completely, into higher oxides, in which manganese acts the part of a 
tetrad element. In the brown hydrated dioxide, obtained when a manganous 
salt is digested with sodic hypochlorite, according to the equation : — 

Mnaj + ClNao + 2OH2 = Mn^^OHoa + NaCl + 2HC1, 

the manganese exists likewise as a tetrad element. By fusion in the dry way 
with sodic carbonate, alone or together with nitre, the manganous or manganic 
compounds are converted into an alkaline manganate, in which the metal man- 
ganese acts the part of a hexad element. Manganic acid itself has never been 
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isolated. It is obtained, however, in combination with a few of the stronger 
metallic bases, forming manganates, of which the alkaline manganates only dis- 
solve in water to green soUUions. 

Manganates are readily decomposed in aqueous solutions. On gently heating 
a solution of potassic manganate with free access of air, the green colour changes 
to purple-redj owing to the formation of potassic permanganate,* Mx^OgKoj » 

I 'Mn^O^rO'Koi' ^^ separation of hydrated dioxide, thus : — 

SMnOjKo, + SOHs » Mn^OeKos + MnOHoj + 4KHo. 

The change is accelerated by adding a few drops of a dilute mineral acid, e.g., 
nitric, hydrochloric, or sulphuric acid, which combines with the liberated alkali. 
This reaction is extremely delicate. 

The metal manganese seems to act here the part of a pseudo-octad element ; 
and it may readily be inferred that the different oxygen atoms perform different 
functions in such a highly oxygenized compound, and that the metal manganese 
will part with some more readily than with others. 

Manganic dioxide, as well as other native peroxides, already enumerated, also 
the alkaline manganates and permanganates, act as powerful oxidizers, differing 
merely in the intensity of their oxidizing action. 

Manganic dioxide gives off oxygen on the addition of concentrated sulphuric 
acid, and forms normtd manganotis sulphate : — 

[(Atomic equation) MnOj + SO^Hoj « O + SOjMno" + OH2. 

Sulphuric aoid added to sodic manganate, gives off a molecule of oxygen, and 
forms manganous and sodic sulphates, thus : — 

MnOgNaoa + 2SO2H03 - O3 + SOaMno" + SOaNaoj + 2OH2. 

Sulphuric acid added to a solution of potassic permanganate, liberates five 
atoms of oxygen, and leaves manganous and potassic sulphates in the solution, 
thus : — 

(Atomic equation) 1 2^o^(OHoj ■*" ^SOaHoj - O5 + 2S02Mno" 

+ SOaKog + 3OH3. 

Hydrochloric acid acts likewise upon the higher oxides of manganese with 
evolution of chlorine and formation of metallic chlorides and water. The per 
oxides of manganese, especially the black oand-e, constitute the principal sub- 
stances, together with hydrochloric acid, or sodic chloride and oil of vitriol, for 
evolving chlorine in the laboratory and on a manufacturing scale. 

No other mineral oxidizing agent is capable of yielding from one molecular 
group of elements five atoms of oxygen ; and there are but few elementary sub- 
stances which resist the oxidizing action of potassic permanganate. Hydrogen, 
ffeshly-ignited carbon, phosphorus, iodine, sulphuretted hydrogen, carbonic disxd- 
phide, are oxidized more or less rapidly. Metals, such as zinc and iron, become 
oxidized after a few days ; lead, copper, mercury and silver after some time. 
Many lower oxides, chlorides, etc., are converted into higher oxides, etc., especially 
in the presence of a free acid (hydrochloric or sxdphuric acid). 

Thus arsenious is converted into arsenic acid, sulphurous into sulphuric, 
nitrous into nitric, phosphorous into phosphoric acid. Oxalic acid is oxidized 
into carbonic anhydride and water. Lower or -ous chlorides, sulphates, etc., are 
converted into the higher or -ic salts, c.^., ferrous, stannous, antimonious, cuprous, 
and mercurous chlorides are oxidized (" chlorinized ") in the presence of free 
hydrochloric acid into ferric, stannic, antimonic, cupric, and mercuric chlorides ; 



• Permanganic acid has never been isolated. It exists only in a few metallic 
salts called permanganates, some of which are soluble in water, forming intensely 
purple-red solutions. The salts crystallise from an alkaline solution in beautiful 
large crystals of a deep violet lustre. 
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the manganese and potassium of the permanganate are left in solution as chlo- 
rides. Ferrous, cuprous, and other sulphates are converted in the presence of 
free sulphuric or hydrochloric acid into ferric or cupric sulphates. 

Potassio permanganate oxidizes also many organic hodies, such as sugar, gum, 
cellxdose (in paper, cotton), uric acid, eto. The reaction in all these cases is in- 
dicated by a change of colour. On adding, for instance, the purple coloured per- 
manganate solution to a solution of sulphurous acid, the colour is instantaneously 
destroyed as long as any sulphurous acid is left. Permanganate becomes, there- 
fore, the measure for sulphurous acid, and in like manner for other lower oxides, 
chlorides, etc. 

Sulphurous acid requires one atom of oxygen in order to be converted into 
sulphuric acid, and potassic permanganate can part with five atoms of oxygen. 
One molecule of the oxidizing agent oxidizes, tnerefore, five molecules of the 
reducing agent, i.e., 316 parts by weight of potassio permanganate become the 
measure for 5 x 64 = 320 parts by weight of SOj. 

Two molecules of ferrous sulphate combine with one atom of oxygen and one 
molecule of sulphuric add, to form one molecule of ferric sulphate, thus : — 

2S02reo" + O + SO2H03 - SsOcFcoO'i + OH2. 

Hence one molecule of dipotassic permanganate oxidizes ten molecules of 
SOaFeo", ten molecules of PeO, or ten atoms of Fe ; and 316 parts by weight of 
"^-.aOsKoa become the measure f or— 

10 X 152 parts by weight of SOjFeo" 
or 10 X 72 „ PeO 

or 10 X 56 „ Fe 



QUESTIONS AND EXERCISES. 

1. Which are the most important manganese ores ? 

2. Explain the action of concentrated SO2H02 upon ])[n02, Mn02Nao2 and 

Mn20e£o2 ; and express the changes by equations. 

3. Translate into graphic formulse the constitutional formulas of pyrolusite, 

braunite^ hausmannite, mangcmitey pailomelane, wad, varvicite, and 
tephraite, 

4. Describe the most characteristic blowpipe reactions for manganese compounds. 
6. How can Mn be separated from Ni and Co ? 

6. How is Mn separated from calcium or from potassium ? 

7. What change does a solution of dipotassic manganate imdeigo when heated 

in contact with air ? 

8. State why Mn is separated with difficulty from Fe*^ by means of AmCl and 

AmHo. 

9. By precipitating 2'622 grms. of a manganous salt with sodic carbonate and 

ignition of the precipitate, 1*325 grm. of Kn304 is left ; what is the per- 
centage of manganese in the salt ? 

10. What is the action of dipotassic permanganate upon HCl, SH2, SO2 

4 2rv5*^, Ou2Cl3,PeCl2,SnCl2 ? Express the changes by equations. 

11. How much sulphurous anhydride by weight and by volume (at 0° C. and 

760 mm. barometrical pressure) will be required to decolorise a solution 
containing '500 grm. of dipotassic permanganate ? 

12. '125 grm. of dipotassic permanganate had to be added to a given quantity of 

an acid (SO2HO2) solution of S02Feo'^ Calculate how much metallic 
iron the solution contained. 

13. 1*240 grm. of OO2 was evolved when 1*780 grm. of pyrohtsite was treated 

with moderately concentrated SO2H02 and < noKo* What is the per- 
centage of Mn02 in the ore, and how much chlorine gas by weight and' by 
volume can be evolved from 100 grms. of the ore when tr^ted with HCl ? 
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ZINC; Zn". Atomic weight, 66. — Occurs in nature chiefly as 
SULPHIDE, or zinc blende, black jacJc, ZnS ; as carbonate, or cala^ 
mine, COZno"; and as silicate, or zinc glance, electric calamine, 
SiZno"2, OH2, Willemite, SiZno"2 ; also as oxide — the only oxide 
known — in red zinc ore, ZnO. 

reactions in the dry WAT. 

The most characteristic blowpipe reaction for zinc consists in the 
white incrustation of zincic oxide which its compounds yield when 
heated on charcoal in the reducing flame with sodic carbonate. The 
zinc compound is reduced to the metallic state, and the metal being 
volatile, bums, on passing through the outer flame, with a bluish- 
green flame, and is converted into oxide, which covers the charcoal 
with an incrustation, yellow when hot, wiiite when cold, and which 
assumes a line irreen colour when treated with a solution of cobaltous 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidizing flame — zincic 
oxide being non- volatile. 

Zinc compounds give with borax op micpocosmic salt in both flames a bead, 
which is yellowish while hot, and white on cooling ; opaque if much zinc salt be 
present. This applies, however, only to pure zinc compounds, and the detection 
of zinc in poor ores containing other readily oxidizable metals (such as Pb, Cd, 
As, Sb, which give likewise incrustations) is a matter of great uncertainty. 

Zincic sulphide (zinc blende) ^ when roasted in a tube of hard glass, loses part of 
its sulphur in the form of sulphurous anhydride, and leaves some zincic sulphate^ 
SOjZno" {white vitriol) , which may be extracted with water. 

Calamine leaves on ignition zincic oxide. 

reactions in the wet way. 

A solution of Zincic Chloride, ZnCl2, or of Zincic Sulphate, 
S02Zno", = S02(02Zn)", is employed. Both salts yield colourless 
solutions. 

SAm2 (»roup-pea»ent) gives a white precipitate of zincic 
sulphide, ZnS, insoluble in excess. From dilute solutions the pre- 
cipitate separates only after some time, more speedily in the presence 
of ammonic chloride. It is readily decomposed by dilute hydro- 
chloric and sulphuric acids, with evolution of sulphuretted hydrogen ; 
also by nitric acid, but is insoluble in acetic acid. 

SH2 precipitates zinc imperfectly from neutral solutions of zincic 
salts with mineral acids ; but from an acetate or a solution of a 
zincic salt mixed with an alkaline acetate, the whole of the metal 
is precipitated by sulphuretted hydrogen as zincic sulphide,, even in 
the presence of much acetic acid (method of separation of Zn from 
Mn). Free organic acids prevent the precipitation. 

KHo or NaHo precipitates the white hydrate, ZnHo2, readily 
soluble in excess, and in AmHo, reprecipitated almost entirely on 
diluting with water and on boiling, soluble also in ammonic chloride. 
Sxdphuretted hydrogen precipitates the whole of the zinc from these 
solutions. Free organic acids prevent the complete precipitation. 
In the presence of the hydrates of manganese, nickel and cobalt, KHo 
or NaHo does not dissolve out the whole of the zincic hydrate. 
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CONao2 or COK02 produces a white precipitate of basic car- 
bonate, consisting of two molecules of zincic carbonate and three 
molecules of zincic hydrate, according to the equation : — 

r CHo(OZn"Ho)2 
SSOaZno" + 5CONao2 + SOH, = { Zno" + oSOaNaO, 

LCHo(0Zn"Ho)8 

Dihydric pentazincic 
dicarbonato tetrahydrate, 

+ 3CO2. 

A large excess of ammonic salts prevents the precipitation. 
This carbonate leaves on ignition ZnO, zincic oxide, liso known under the 
name of zinc white, 

C0Am02 produces the same precipitate, soluble, however, in excess. 

KCy gives a white precipitate of zincic cyanide, ZnCy2, soluble in excess, 
not reprecipitated by SAm2, but completely precipitated by SKj as ZnS (Method 
for the separation of Zn from Ni). 

Zinc precipitates the less electropositive metals from their solutions, viz., As, 
Sb, Sn, Cd, Cu, Pb, Ag, Bi, Hg : and on dissolving impure metallic zinc in dilute 
acids (hydrochloric or sulphuric), these metals do not dissolve, as long as any 
zinc remains imdissolved. Hence zinc protects other metals, such as copper, iron 
(galvanized iron), &c., from the oxidizing action of the air. 

Zinc, when placed in contact with platinum, iron, &c., dissolves in alkaline 
solutions in the cold ; when boiled with KHo (NaHo, or even AmHo), it dissolve* 
likewise, with evolution of hydrogen and formation of dlpotasslc zincic oxide, 

ZnKo2. 

Zinc vapour decomposes CO2 at a high temperature, and fonns ZnO and CO j 
at a lower temperature, ZnO yields its oxygen again to carbon (Method of ex 3 
tracting metallic zinc from some of its ores) . Tliis forms an interesting instance 
of reciprocal chemical action. 

QUESTIONS AND EXERCISES. 

1. Explain the action of HCl, SO2H02, NO^Ho, and KHo upon metallic zinc* 

Express the changes by equations. 

2. G-ive the names and composition of the most important zinc ores, and translate 

their constitutional into graphic formulae. 
8. Describe the blowpipe reactions for zinc compoimds. 
4. Express by equations the reactions for zinc in the wet way. G-ive graphic 

formulffi for the basic carbonate and dipotassic zincic oxide. 
6. 1*5 grm. of calamine yielded '876 grm. of ZnO, what is the percentage of 

zinc in the ore ? 
6, You have given to you calamine, zinc blende^ hydrochloric acid, water, and 

sodic carbonate. State how you would prepare from these materials zincic 

oxide or zinc white. Express the changes by equations. 
7# How is zinc separated from Mn, Ni, Co ? 

IRON, re",^ and ^. Atomic weight 56.— One of the few 
metallic elements which occurs very abundantly in nature, mostly 
in the combined state. It will suffice if those iron ores which con- 
tain the metal in sufficient quantities and which are sufficiently free 
from deleterious substances (such as S, P, As), to render them 
suitable for the extraction of iron by the usual metallurgical pro- 
cesses are considered. The most important are : — 

Ist. Ores containing Fereous Oxide : — spathic or sparry iron 

D 
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ore, COFe", (^sphaerosideriie) containing varying quantities of 
COMno", COMgo", and COCao" ; black hand or carbonaceons 
iron ore, a spliaerosiderite containing from 20 to 25 per cent, of 
bituminous matter; clay ironstone (likewise a siderite) is, as its 
name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manufactured in this 
country is derived. They occur in immediate proximity to the coal 
measures and limestone beds — the fuel and flux necessary for their 
reduction to the metallic state. 

2nd. Ores containing Ferrous and Fekric Oxides : viz., 

r PeO 

magnetic iron ore, "Fe^Oi = < PeO"^^^" (ferrous diferrictetroxide). 

3rd. Ores containing Ferric Oxides only : viz., red hoematite 

{micaceous iron, oligist, specular iron or iron glance), 'Yb'^^O^ = 

r PeO 

I PeO^ (ferric oxide). This oxide forms different hydrates which, 

according to the amount of water which they contain, have received 

/ PeOHo 

I PeO 
different names, viz., tiirgite, 2Pe203,OH2 = > p^o^ (tetraferric 

( PeOHo 

pentoxy-dihydrate) ; needle iron ore, brown iron ore, ov jpyrrlwsiderite, 

Pe203,OH3 = ^ peOR (diferric dioxy-dihydrate) ; limonite or 

PeOHo 
PeHo, 

compact brown iron ore, brown hcematite, 2Pe.203,30H2 = ^ 

PeHoa 
L^eOHo 

(tetraferric trioxy-hexahydrate) ; (varieties : oolitic iron ore, pea 

f PfiTTn 

ore) ; yellow iron ore or xanthosiderite, Pe203,20H2 = < TppTT *0 

(diferric oxy-tetrahydrate). 

A few other iron ores deserve attention. They are not used 

for the extraction of iron, but are valuable as a cheap source 

of sulphur, viz., iron pyrites, martial pyrites or mundic, PeS2, 

found abundantly in nature ; Pe2S3 (diferric trisulphide) ; copper 

r PqG 
py rites, 'Fe2S3,Cvi2S = < p^Q^^ss", a,nd mag^ietic pyrites, 5PeS,Pe2S8 

= PeySg, which may be expressed graphically, thus : — 

« 

S=Fe Fe Fe Fe Fe Fe Fe=S 

! I 

(Pentaferrous diferric octasulphide.) 

Besides these ores, iron is found in nature in combination with 

f "As' 
ARSENIC and SULPHUR, in mispichel < „ . ,Fe,Pe*^S2; with chromium as 






'As' 
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,i^///^Feo"; with SILICA as chhropal, SiO = FejO^, 
.. SiO_n 

SOHz, and many other silicates; as sulphate, in green copperas 
OT green vitrwl, SOHoaFeo^jGOHj ; as phosphate in viviamte,* 
P20sFeo"3,80H2 (triferrous phosphate), and others ; as arsenate, 
in scorodite, As202Fe20^,4OH2, and others. 

REACTIONS IN THE DRY WAT. 

On heating the different iron compounds on charcoal before the 
blowpipe, they turn black and become magnetic ; when heated in 
^he outer flame, on a borax bead, iron compounds impart a dark red 
colour to the borax, whilst hot, becoming Usbt yellow, when cold. 
In the reducing flame they give an ollve-sreen to bottle-flrreen bead. 

The reactions with microcosmic salt are similar but less distinct. The pre- 
sence of Co, Cu, Ni, Cr conceals the colour of the iron bead. Ferric sulphides 
and arsenides must be roasted, previous to being introduced into the borax bead. 
"When heated with CONao2 on charcoal, in the reducing flame, metallic iron is 
obtained as a magnetic powder. 

REACTIONS IN THE WET WAY. 

Iron forms two series of salts, viz., ferrous and ferric salts. 
It dissolves readily in dilute acids, such as HCl, SO2H02, forming 
ferrous salts, FeCl2, S02Feo", with evolution of hydrogen. Cold 
■dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and ammonic nitrate ; the reaction may be 
expressed thus : — 

4Fe + IONO2H0 = 4 1 NoF®^" + NOjAmo + SOH,. 

The metal iron exists in all these salts in the dyad condition, 
l}ut exhibits a marked tendency to pass into the tetrad condition. 
Exposed to the air, PeCl2 and S02Feo" absorb oxygen and are gra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidizing: agents, such as CI2, Br2, I2, ClNao, 
KOsCl in the presence of HCl, NO2H0, N02Ago, AuCla, HgClg, 
Mn206Ko2, Cr02Ko2, and others. Ferrous compounds are, therefore^ 
powerful reducing agents. 

The tetrad condition appears to be the natural state of existence of the metal 
iron. This is rendered evident, moreover, by the limited number of ferrous 
<M)mpounds which exist in nature. The latter must be viewed as imsatisfied 
bodies, which, under favourable conditions, deprive other bodies, directly or in- 
-directly, of oxygen, to form ferric compoimds. Dyad iron, Fe" (called. ferrosum) 
has two bonds latent, which it is eager to satisfy, so as to become converted into 
the more stable tetrad iron, Fe*^ (or ferricum) , in which condition it occurs in 
nature in combination with sulphur only, as reS2, without forming any coiTe- 
«ponding oxygen, chlorine, etc., compounds. Two atoms of tetrad iron are in- 



* Contains also ferric phosphate, P202Fe20^*,80H2, to which the blue colour 
^f the mineral is due. 

D 2 
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variably linked together in ferric oxide, chloride, etc., whereby iron becomes a 
pseudotriad element. It is possible to combine, by artificial means, three atoms 
of oxygen with one atom of iron, so as to form ferrates, as in potassic ferrate, 
Pe02Ko2, in which compound the iron exists as a hexad element. 

These different combining conditions of the metal iron may be 
represented graphically, thus : — 

\/ 

Dyad iron — Fe— , e.g., in PeClj, PeO, PeS. 

/\ 

1/ . . * I I 

Tetrad iron — Pe — , or psendo-triad iron, — Fe — Fe — , e.g., in 

/I II 

w^iTQ /'Pe"'Cl3 r'Pe"'S„ r'Pe"'0^ „ ^ i n 
Fe'^bj, < 'p0"'Q| . ■j 'pe"'S ' 1 'Pe"'0 ' lastly as 

Hexad iron — Fe— , or ^Fe=, e.g., in Pe^O-Koj. 



A. Ferrous compounds. — A solution OF ferrous sulphate^ 
SOaFeo", = SOaCOzFe)" is employed. 

SAm2 (frroup-reaflrent) gives a hlacJc precipitate of ferrous 
Bulplilde, FeS, insoluble in alkalies and alkaline sulphides, easily 
decomposed and dissolved by dilute hydrochloric acid, with evolu- 
tion of sulphuretted hydrogen. The moist precipitate absorbs 
oxygen from the air, and is rapidly converted into fen'ous sulphate, 
and lastly into yellow basic ferric sulphate, with evolution of much 
heat. (This oxidation constitutes a frequent cause of the spon- 
taneous inflammation of pyritical coal (which contains Fe7S8) on 
board vessels.) 

SH2 does not precipitate neutral or acid solutions of ferrous salts ; ferrous 
acetate even is only partially precipitated. 

KHo, NaHo, or Am Ho precipitates from ferrous salts (free from 
ferric salts) white ferrous hydrate, PeHo2, which turns rapidly to a 
dirty green colour, and ultimately becomes reddisJi-hrown, owing to 
absorption of oxygen from the atmosphere. Ammonic salts par- 
tially prevent the precipitation by the fixed alkalies, and AmHo 
gives but a slight precipitate in a ferrous solution, containing a 
sufficient amount of AmCl. The presence of non-volatile organic 
acids, of sugar, etc., also prevents the precipitation more or less. 

CONao^, COK02, or COAmo^ precipitates white ferrous carbonate^ 
COFeo'', which becomes rapidly oxidized when exposed to air. 

KiFeCye (potassic ferrocyanlde) produces, by the replacement of 
K2 by Fe", a bluish-vyhite precipitate of dlpotasslc ferrous ferro- 
cyanlde, KaFe'TeCye, thus : — 

SOaFeo" 4- KiFeCye = K^Fe'TeCye + SO2K02 

Bluish-white 
precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 



FERRIC COMPOUNDS. 37 

<jonverted into a dark blue precipitate, or Pru8§ian blue, either by 
exposure to the air, or more speedily by an oxidizing agent, thus : — 

rfjKaFe'TeCye + 2CI2 = 3FeCyo,2re2Cy6 + 4KC1 + K^FeCye. 

Prussian blue. 

K6Fe2Cyi2 (potasslc ferrlcyanlile) produces a dark blue precipitate 
oftrlferrouscllferricdodekacyanlde, Fe"3Te'''2Cyi2 (Tumbnll's blue), 

insoluble in hydrochloric acid, thus : — 

SSOaFeo" + KeFe2Cyi2 = Fe'^'Fe^'jCyij + 3SO2K02. 

Tiimbull's blue. 

NaHo or KHo decomposes both precipitates with formation of 
soluble alkaline ferro- and ferricyanides, and separation of ferrous 
and ferric hydrates, thus :-^ 

(1) KaFe'^FeCye + 2KHo = K4FeCye +" FeHoa. 

(2) 3FeCy2,2Fe2Cy6 + 12NaHo = SNaiFeCye + 2FeaHo6. 

(3) Fe"3Te"'2Cyi2 + 8NaHo = 2Na4FeCy6 + Fe304,4OH2. 

These precipitates cannot form, therefore, in an alkaline solu- 
tion. 

CyAmS (amnionic sulptaocyanate) gives no indication, if the 
ferrous contains no ferric salt. 



B. Ferric compounds. — A SOLUTION OF Ferric Chloride, 

'Pe'"2Cl6, = < 'pe"'c/' ^^^ ^® ^^®^* 

SAm2 (irroup-reaflrent) produces a bldck precipitate of ferrous 
sulphide, FeS, mixed with sulphur, thus: — Fe20l6 + 3SAm2 = 
2FeS + S + 6AmCl. Dilute solutions of iron give only a greenish 
X5oloration. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 
left. (Distinction between ferrous and ferric salts.) Ferric 
sulphide cannot be formed in the wet way ; native sulphides exist, 
however, viz., FeS2 and Fe2S8, which are insoluble in dilute hydro- 
jchloric acid, but dissolve with evolution of SH2 in the presence of 
metallic zinc. 

SH2 does not precipitate "FeJ^U ; its hydrogen acts as a redncing 
agent upon the ferric salt, converting it into 2FeOl2 and 2H01, 
white sulphur being precipitated, which renders the solution of the 
fenx)us salt milky. 

KHo, NaHo, or AmHo, precipitates the reddish-brown ferrle 

r 'Fe'^Ho 
Jiydrate, Fe203,2OH2 = < '"P&'^K *^' ^^ dlferrlc oxytetrahydrate, 

insoluble in excess and in ammonio salts (except COAmo2). Non- 
volatile organic bodies (e.gr., tartaric or citric acid, sugar, etc.) 
prevent its precipitation by AmHo, but not by SAmj. The pre- 
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cipitate retains with, great tenacity small portions of the fixed 
alkalies. 

CONao2, COK02, and COAmOg produce the same precipitate 
with evolution of carbonic anhydride. # 

POHoNao2 (taydrlc dltsodlc phosphate) produces a yellowish' 
white flocculent gelatinous precipitate of ferric phosphate, P202Fe2O'^, 
+ 4Aq. The precipitation is complete only in the presence of sodic 
or ammonic acetate, thus : — 

PejCle + 2POHoNao2 + 2 1 ^ONao = ^^^sFejo^ + 6NaCl 

+ ^tcOHo- 

On the addition of the first few drops of hydric disodic phosphate,, 
and as long as the ferric salt is largely in excess, the precipitate may 
disappear agai]^ especially on geutly warming, since it is somewhat 
soluble in ferric acetate. When the precipitation is nearly complete, 
the ferric phosphate separates more speedily, especially on stirring 
and gently heating, and allowing to' subside after each addition of 
the phosphate solution. The precipitated ferric phosphate should 
be filtered hot, and washed by decantation with hot water. It is 
soluble in dilute mineral acids — hence the addition of an alkaline 
acetate ; insoluble, however, in acetic acid, like the corresponding 
chromic* and aluminic phosphates. 

Phosphates of the alkaline earthy metals (Ba, Sr, Ca, Mg), which 
are readily soluble in acetic acid, may thus be separated by filtration 
from the phosphates of Fe^'^, Al^^ (and Cr^^). Owing to this pro- 
perty of ferric phosphate, it is also possible to decompose alkaline 
earthy phosphates, in a sodic acetate and acetic acid solution, by 
adding, drop by drop, a neutral solution of ferric chloride, accord- 
ing to the equation : — 

2POHoBao" + 2 | gg-^^^ + | gg|j^ + Pe2Cl6 = P202re20^ 

+ 2BaCl2 + 2NaCl + 3 1 ^J^^, 

as long as a yellowish-white precipitate comes down, and till the* 
supematant liquid becomes just red, from the formation of ferric 
acetate. 

Ferric phosphate dissolves in excess of hydric disodic phosphate, 
in the presence of ammonic hydrate or carbonate, to a brownish-red 
solution. It is somewhat soluble in ferric, but not in ferrous acetate. 
Alkalies decompose it with difficulty only. Ammonic hydrate 
reduces it to a basic phosphate (P40Fe2o'^3 -f 16 aq.). Potassic or 
sodic hydrate removes nearly the whole of the acid. Fusion with 
caustic fixed alkalies, or with fusion-mixture, or boiling with 
ammonic sxdphide, decomposes ferric phosphate completely, leaving 

* Chromic phosphate, especially when freshly precipitated, is dissolved,, 
although with some difficulty, in acetic acid, especially on heating. 
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the iron as oxide or sulphide, from which the soluble alkaline 
phosphate can be separated readily by filti-ation. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
l^ate. 

K^FeCye gives B,fine hlue precipitate, 3FeCy2,2FeiCy6, known as 
Prussian blue, thus :— 2Fe2Cl6 + SKiFeCye = 3FeCy2,2Fe,Cy6 + 
12KC1. Insoluble in hydrochloric acid ; decomposed by KHo or 
KaHo ; soluble in oxalic acid ; soluble also in excess of K4FeCy6, to 
a blue solution. 

K6Fe2Cyi2 produces no precipitate, but the yellow colour of the 
ferric solution changes to reddish-hrown. (Distinction between 

FERROUS AND FERRIC SALTS.) 

CyAms (Ammonlc sulptaocyanate) gives a dark red or hlood red 
colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction 
is heightened by shaking a hydrochloric acid solution containing 
mere traces of a ferric salt with ether. The hlood red ferric snlpho- 
cyanate, Cy6Fe2S^*, being soluble in ether, becomes thus concentrated 
into a small bulk of liquid. The colour of the liquid is readily 
destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction of Fe" from Fe*^.) 

This confirmatory test should invariably be applied, because ferric acetate, 
when heated in presence of acetic acid, gives likewise a deep red coloration, 
which becomes lighter coloured on cooling. 

Excess of sodlc acetate, added to a solution of a ferric salt, pro-** 
duces a deep red-coloured liquid, owing to the formation of ferric 
acetate. On diluting and boiling, the whole of the iron is preci- 
pitated as basic ferric acetate in the form of brownish' yellow flakes, 
which should be filtered hot, and as quickly as possible, as soon as 
the fluid has become clear. (Method for separating Fe'^ from Mn".) 

Amnionic succinate or benzoate precipitates ferric, but not ferrous salts, 
as ferric succinate or benzoate.'*^ The ferric solution should be perfectly 
neutral. Salts of FeO, MnO, CoO, NiO, ZnO, are not precipitated. (Method 

OP SEPABATION OF Fe*^ FEOM Fe", Mn, Ni, Co, Zn.) 

Freshly precipitated and well washed baric or calcic car1io2Tate, sus- 
pended in water, precipitates feTnric (not ferrous) chloride, as ferric hydrate, 
fOiHog, mixed with basic salt, with evolution of carbonic anhydride. The re- 
agent is added to the neutral ferric salt in the cold^ and well shaken up with it, 
tiU the reddish-brown precipitate acquires a whitish appearance, from excess of 
the alkaline earthy carbonate. 

COBao" separates in Hke manner the higher or -ic chlorides of this group 
from the lower or -ous chlorides. In order to separate ferric from ferrous com- 
pounds, or ferric (chromic and aluniinic compounds) from ferrous, zincic. man- 
ganous, cobaltous, and nickelous salts, it is necessary that these metals should all 
be obtained in the form of chlorides, when, on the addition of baric carbonate, 
the respective hydrates, mixed vdth basic salts, are precipitated from the ferric, 
etc., chlorides, whilst ferrous chloride and the chlorides of Zn, Mn, Ni, and Co, 
are not affected. Air has to be excluded as carefully as possible, in order to pre- 
vent the oxidation of the ferrous, manganous, and cobaltous oxides j and the re- 

* The formulflB of these compounds will be explained under the respective 
acids. 
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action should be performed in a small flask, filled nearly to the neck with the 
liquid, and kept well stoppered, after the evolution of the carbonic anhydride 
has ceased. The addition of ammonic chloride, previous to the precipitation 
with baric carbonate, almost entirely prevents any cobaltous and nickelous 
hydrates from falling out with the baric carbonate precipitate. (Method foe 
6EPAEATING Fe»^ (also Al AND Ce) feom Fe", Zn", Mn", Ni", and Co".) 

The precipitate is filtered off and dissolved in hydrochloric acid j the barium 
is removed by means of dilute sulphuric acid, and the iron, etc., precipitated by 
AmHo. 

Tannic as well as gallic acid (tincture of nut-galls) produces from neutral 
ferric salts a bluish-black precipitate (ink), readily soluble in acids. 

A very delicate reaction for Fe^^ consists in adding a few drops of a solution 
of potassic ferricyanide to a dilute solution of a ferric salt, and next a few drops 
of a very dilute solution of stannous chloride, SnClg, A blue precipitate indi- 
cates the presence of iron, thus : — 

(1) FeaClfi + K6Fe2Cyi2 gives no precipitate, but merely a dark -brown 

coloration. 

(2) re^Clg + SnCl^ = 2FeCl2 + SnCl4. 

(3) SFeClg + KfiFeaCyis = Fe^sFe^Cyia + 6KC1. 

Turnbull's blue. 

A ferric salt when coming in contact with certain bodies (especially bodies con- 
taining some latent bonds) which possess a strong affinity for oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxldlzlnir as^nr. 
Thus S^^OHoj is converted into S^^OgHog ; KI gives off iodine ; Sn^Clo is con- 
verted into Sii*'^Cl4 J SSONaOi (sodic hyposulphite) is oxidized to SOjHoNao. 
Iron or zinc readily reduce ferric to ferrous salts. 

C. Ferric anhydride, Fe^^Os, or ferric acid, Fe'^^02Ho2, containing hexad 
iron, has never been obtained in an uncombined state. The alkaU salts only are 
known, and are obtained, like the alkaline manganates, by fusing iron filings with 
nitre. Ferrates are decomposed far more readily than manganates. 

QUESTIONS AND EXERCISES. 

1. Enumerate some of the most important iron ores used for the extraction of 

iron in this country. Give constitutional and graphic formulae. 

2. Which are the more important sulphides of iron ? Give constitutional and 

graphic formulae. 

3. Give the graphic formulae of chloropalf chrome iron ore, green copperas, and 

vivianite. 

4. How is iron detected in the dry way ? 

5. What takes place when iron is dissolved in HCl, in SO2H02, or in dilute 

NO2H0? 

6. Explain the change which takes place when FeClo is severally acted upon 

by atmospheric air, by chlorine, KO3CI and HCl, NO2H0, H8rCl2, 
AuCln, and by Mn20sKo2 and HCl. Express the changes by equations. 

7. Explain the action of SHg ^^^ SAmo upon ferric salts, 1st, in acid solutions ; 

2nd, in neutral or alkaline solutions. 

8. How does K4FeCy6 and K6Fe2Cyi2 enable us to distinguish between ferrous 

and ferric salts ? 

9. State why K6Fe2Cyi2, in the presence of SnCl2, produces a blue precipitate 

with ferric salts. 

10. Explain the action of CyKs upon ferrous and ferric salts. 

11. What change is produced when Fe2Cl6 is brought together, Ist, with SOj ; 

2nd, with SnClg ? 

12. Explain the action of metaUic iron or metallic zinc upon SjOcFeaO'^*. 
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13. How much hydrogen gas hy weight and volume (at 0° C. and 760 mm.) is 

obtained when 10 grms. of metallic iron are dissolved in dilute hydro- 
chloric acid? 

14. Describe the properties of ferric phospliate. State why an alkaline acetate 

has to be added, previous to precipitation with hydric disodic phosphate, 
and explain the decomposition of the phosphates of the alkaline earths by 
means of ferric chloride in an acetic solution. 

15. How much metallic iron is required to manufiEu;ture one ton of crystallized 

green vitriol ? 

16. How would you separate FejOa from Zn", Mn", Ni", Co", and Fe"? 

17. Why is it preferred to precipitate Fe-^Cle by means of AmHo, instead of 

KHo? 



CHROMIUM, Cr", ^ and ^. Atomic weight, 52-5.— This 
element is comparatively rare. It occurs in nature chiefly as 

chrome iron ore, CrjOaPeO = < CrO-^®^"' ^^^ crocoisite, Cr02Pbo". 

Chromic oxide constitutes the colouring matter in ruby, green ser- 
pentine, etc. 

REACTIONS IN THE DRY WAY. 

Chromium compounds are readily recognised by the very cha- 
racteristic si*eeii colour which the oxide imparts to horax and micro- 
cosmic salt, especially in the reducing flame. Finely powdered 
chrome iron ore, when fused in a platinum spoon or crucible with 
four times its weight of hydric potassic sulphate, and then with the 
addition of an equal bulk of nitre and COK02 (equally mixed), yields 
a yellow mass of potassic chromate, Cr02Ko2, which is soluble in 
water, to a yellow solution. If manganese were present the solution 
woxdd be green, owing to the formation of potassic manganate. 
This latter can be readily removed by adding a few drops of alcohol 
to the solution, heating and filtering off the manganic hydrate. The 
x^hromate remains unchanged. 

reactions in the wet way. 

Chromic salts can bo prepared from the yellow Cr02Ko2, or the 
red dipotassic dichromate, CrjOsKoa, by heating with dilute hydro- 
chloric acid and adding alcohol, when the yellow solution changes 

r 'Cr"'Cl 
to a deep green solution of Cr2Cl« = < 'Cr"'CV ^^ wbich the Cr 

exists as a tetrad or pseudotriad element. 

A lower chloride, CrClj, has been prepared in which Cr acts a dyad element j 
but as it has to be carefully kept from the air to jirevent its becoming rapidly 
oxidized, and as it is of no real practical use, a passing notice of it will suffice. 

Chromium is capable of forming three series of compounds* — 

* The mtermediate oxides, CraOgjCrO = | cpQ^ro" (chromous dichromic 
tetrozide), and CrOj (chromic dioxide) cannot be considered here. 
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Chromous compounds Chromic compounds Chromates 

containing dyad Cr. containing tetrad Cr. containing hexad Cr. 

Cr"Cl2. 'Cr"'2Cl6. Cr^^OiKos. 



Cr"0. 'Cr"'o()3. Cr^OaPbo 

of which only the two latter will be studied. 

A. Chromic Compounds. — A SOLUTION OF ChroMIC Chlobide,: 
Cr2Cl6, is employed. 

S Am2 (grroiip-reagrent) precipitates bluish- green chromic hydrate, 
Cr2Ho6, insoluble in excess. 

AmHo precipitates the hydrate, somewhat soluble in excess, the 
fluid acquiring a pink tint. The precipitation is complete on 
boiling. 

KHO or NaHo, same precipitate, readily soluble in excess to a 
green solution : reprecipitated by long-continued boiling or on 
adding AmCl, whereby tbe fixed alkali is removed as KCl or NaCl, 
with substitution of AmHo. 

CO!N"ao2 and COAmo2 give greenish precipitates of basic car- 
bonates (varying in composition), somewhat soluble in excess. 

POHoNao2 (hydrlc dlsodlc phosphate) precipitates green chromic 
phosphate, P202Cr20^^ soluble in mineral acids, difficultly soluble 
in acetic acid. 

COBao" precipitates basic carbonate. The precipitation takes 
place in the cold, but is completed only after long digestion. 

In the presence of citric, tartaric, and oxalic acid, also of sugar, 
the precipitation of chromic salts by means of ammonia, sodic, or 
baric carbonate is more or less incomplete. 

Chromic compounds may be recognised also by converting the 
chromic oxide into chromic acid. This may be accomplished : — 

1st. By boiling a solution of CroCle with Pb02 and KHo or 
NaHo. The reaction which takes place, and which is indicated 
by a change of colour (from green to yellow), may be expressed 
thus : — 

(1) CrjCle + 6KH0 = Cr2Hoe + 6KC1. 

Soluble in 
excess of KHo. 

(2) Cr2Ho6 + SPbOo = 2Cr02Pbo" + PbO + 3OH2. 

Soluble in Soluble in 
KHo. KHo. 

On acidulating the solution with acetic acid a precipitate of 
plumbic chromate, Cr02Pbo", is obtained. 

2nd. By boiling a solution of Cr2Cl6 with NaHo and sodic hypo- 
chlorite, ClNao, thus : — 

CraHoe + 3ClNao + 4NaHo = 2Cr02Nao2 + SNaCl ^- SOHj. 

Yellow sodic 
chromate. 
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3rd. By fasion with alkaline carbonates and nitre (or, better 
still, with potassic chlorate), on platinum foil. 



B. Chromic anhydride, Cr^Os. — Chromic acid, CrOsHo], com- 
bines with KHo to form two salts, the normal, or yellow chromatey 

r CrOaKo 
CrOjKoa, and the orange-red dichromateA , isomorphous 

1 CrOzKo 
with the corresponding sulphate and disulphate. A solution of the 
neutral (yellow) chromate is changed to an orange-red (acid) dichro- 
mate solution on boiling with nitric acid, one half of the alkaline 
base being removed in the form of potassic nitrate. The two salts 
are separated by crystallization. 

The anhydride may be prepared by slowly adding to a cold saturated solution 
of the red dipotassic dichromate 11 times its bulk of concentrated sulphuric acid, 
and allowing it to cool slowly. OtO^ crystallizes out in brilliant crimson-red 
prisms. The mother-liquor is poured off, and the crystals placed to drain upon a 
porous tile or slab of unglazed porcelain (biscuit) and kept covered with a bell- 
jar. They must be preserred in a well-stoppered bottle. 

Chromic anhydride is one of the most powerful oxidizing agenta 
known. Two molecales of CrOa yield upon ignition chromic oxide 
and three atoms of oxygen, according to the equation : — 

2Cr03 = CraOa + O3. 

The metal chromium appears to exist in nature mostly in the tetrad and 
hexad state, as a glance at its natural compounds will show. Chromium differs, 
however, in a marked manner from iron and manganese, which can likewise exist 
in the tetrad and hexad state, by forming more stable hexad compounds (chromates) , 
whilst in perchromic acid, on the other hand, the metal chromium appears to hold 
the oxygen less firmly than manganese holds it in permanganic acid. 

Eeactions of CrOa based upon its Oxidizing Action. 

A SOLUTION OF DIPOTASSIC DICHROMATE, Cr205Ko2, may be em- 
ployed. 

SH2, in the presence of free hydrochloric acid, reduces the orange- 
red solution to a green liquid, sulphur only being precipitated, 
thus : — 

CrjOjKoj + 8HC1 -f 3SH2 = CrgCls + 2KC1 + 7OH2 + S3. 

SAm2> added in excess to a solution of an alkaline chromate or 
dichromate, precipitates dirty green hydrated cliromlc chromate. 
On boiling, the whole of the chromium separates as green chromle 
hydrate, thus : — 

CraO^Koa + 3SAm2 + 7OH2 = CraHoe 4- S3 + 2KHo + 6AmHo. 

In the one case the H2 of the SH2 acted as the reducing agent ;. 
i^ the other the (NH4)2 of the SAm2« 
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SOH02, in the presence of a little free SO2H02, reduces potassic 
^chromate to chromic sulphate, thus : — 

CraOfiKoz + 3SOH02 + SO2H02 = S306Cr20^ + SO2K02 + 4OH2. 

Chromic sulphate and potassic sulphate constitute potassium 

SO2K0-, 

chrome alum, or (dipotassic chromic t€trasulphate)gQ*~Cr20^. 

SO2K0J 

I COHo (®**^® acid), in the presence of free acid (dilute 

sulphuric acid), produces the same reaction, carbonic anhydride 
being evolved. Six molecules of CO2 become the measure for one 
molecule of dipotassic dichromate. Tartaric and citric acid act in 
like manner. 

SO2K0-1 

Cr^OfiKo, + 3 1 ^^^l + 4SO2H02 = |§^'Cr2ovi + 6CO2 -f 70Ha. 

SO2H02 (concentrated) reduces the dichromate, on the applica- 
tion of heat, with evolution of oxygen and formation of potassium 
chrome alum, thus : — 



, O + 4S02Hoj = cX'Crjo^ + 40Hj + O,. » 

lCrO.Ko Ig^^J 



/ 



HCl (concentrated) evolves chlorine, and the hydrogen combines 
with the three available atoms of oxygen in the dichromate, thus : — 

CrOaKo 

+ 14HC1 = Cr2Cl6 + 2KC1 + 7OH2 + SOU. 

Cr02Ko 

AS2O3 (in a hydrochloric acid solution) is converted into 
AsOHos, thus : — 

Cr02Ko 

O + 3AsHo3 + 8HC1 = CraCle -f 2KC1 + 3AsOHo3 

Cr02Ko + 4OH2. 



{ 



SnClz, SbClg, PeClz, Zn (Fe, Sn, etc.) in the presence of dilute HCl, 
reduce likewise chromates or dichromates. The reduction is 
^it'ected also most readily by numerous organic bodies, such, as 
alcohol and HCl, in which case the alcohol is oxidized to aldehyde, 
ethylic chloride, and other volatile products. 

Eeactions for CrOs produced by Double Decomposition, 

Chromates of the alkalies and alkaline earthy bases (with the 
exception of baric chromates), also of iron (Fe*^), zinc, manganese, 
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and copper, are soluble in water ; all other chromates are insoluble, 
but dissolve readily in dilute nitric acid. 

BaCl'i, added to a solution of a normal chromate (or dicbromate) , 
gives a light lemon-yellow precipitate of baiic chromate, Cr02Bao", 
even in very dilute solutions ; insoluble in acetic acid, difficultly- 
soluble in dilute nitric or hydrochloric acid, and reprecipitated by 
AmHo. 
fCH, 

CO 

^^ Pbo" (plumbic acetate) gives B,fine lemon-yellow precipi- 

.CH3 

tate of plumbic chromate, Cr02Pbo", soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. The neutral salt is 
converted upon digestion with alkalies into a basic red chromate, 
CrOPbo"^. > 

N02Ago (argrentic nitrate) gives a darh purple-red precipitate of 
argentic chromate, Cr02Ag02, soluble in nitric acid and ammonia. 

r CrOjAgo 
From weak acid solutions argrentic dlchromate, < O , is pre- 

LCrOaAgo 
cipitated. 

NO 

^^*Hg2o" (mercurous nitrate) gives a dark brick-red basic 

precipitate of CrOHg2o"2, which on ignition is converted into 
oxygen, mercury vapour, and finely divided green CrgOs. (Method 

OP SEPARATING ChROMIC AcID FROM ChROMIC OxIDE.) 

On bringing together a little chromic acid with hydric peroxide, 02^,, in an 
aqueous solution, a deep indigo-blue solution is produced, owing probably to the 
formation of peecheomio acid, in which compound chromium plays the part of 
a pseudo-octad element, analogous to manganese in permanganic acid. 

A solution of perchromic acid decomposes, however, rapidly with evolution of 
oxygen, leaving Cr02Ho2, and its constitution is yet doubtful. A solution in ether 
is far more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute (acid) solution of O2H2, and then a drop of a dilute solution of a 
chromate. On shaking up gently the ether takes up the whole of the perchromic 
acid, and acquires an intensely blue colour. Mere traces of CrOj, can be dis- 
covered in this manner, or vice versd the smallest quantities of O2H2. 



QUESTIONS AND EXEECISES. 

1. Which is the most important chromium ore ? Give symbolic and graphic 

formulae. 

2. How is chromium detected in the dry way ? 

3. Describe how chromic chloride or sulphate is obtained fr'>m an alkaline 

chromat^. 

4. Describe the reactions by double decomposition which you can produce with 

chromic compounds. Give equations. 

5. How can chromic compounds be converted in the wet way into chromates ? 

G4ve instances, and express the changes by equations. 

6. How is chromic anhydride prepared ? 

7. Give instances of the oxidizing action of chromic acid. Express the changes 

by symbolic equations. 

8. You hare given to you oxalic, hydrochloric, and concentrated sulphuric acids. 
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dipotassic dichromate and water. State how you would prepare COjjO, or 
CI gas from these materials, and express the changes by equations. 
9. Describe some of the most characteristic reactions for chromic acid produced 
by double decomposition. Give equations. 

10. How would you distinguish between chromic oxide and chromic acid occur- 

ring in one and the same solution ? 

11. Wliich chromates are soluble and which are insoluble in water ? 

12. How can Cr be separated from every other metal of Group III, except Mn ? 

13. How can CrgOg be separated from Fe", Zn", Mn", Ni", Co" salts ? 

14. 1*600 grm. of chrome iron ore yielded 2*95 grms. of Cr02Pbo". What per- 

centage of Cr does the ore contain ? 

15. 1*2 grm. of a sample of sodic chromate yielded with oxalic acid '89 grm. 

of carbonic anhydride. What percentage of chromic anhydride did it 
contain? 



ALUMINIUM, Al" and *^. Atomic weight, 27-6.— One of 
the metallic elements which occur mo.st abundantly in nature, both 
in the form of the oxide, and, as an important constituent of many 
minerals, in combination with silica, with sulphuric, phosphoric, 
and other acids ; and in the form of fluoride in cryolite, and the 
rare topaz. For a list of some of the more interesting aluminic 
compounds the student is referred to Frankland's "Lecture Notes," 
vol. I, page 179. 

reactions in the dry way. 

Alumina, when heated on charcoal, is distinguished from other 
earths by its property of assuming a beautiful sky- blub colour, 
after being moistened with a solution of cobaltous nitrate and ignited 
once more strongly, owing to its forming with the cobalt oxide a. 
quasi-salt — cobaltous alumina te. This test is not always decisive, 
and becomes inapplicable when coloured oxides, such as Pe203, 
MnO, etc., are present, in which case recourse must be had to the 
examination in the wet way, in order to discover AljOg. 

REACTIONS IN THE WET WAY. 
A SOLUTION OF AMMONIUM ALUM, 

SiOeAmo^AlaO^ = S408(OAm)2(06Al2)^, 
in which Al plays the part of a tetrad (pseudo-triad) element, or of 

ALUMINIC CHLORIDE, < / a v//p]\ IS employed. 

SAm2 gives a white gelatinous precipitate of aluminic liydrato, 
AlsHoe, sulphuretted hydrogen being evolved, thus : — 

SiOgAmooAljO^ + 3SAm2 + 6OH2 = A^Hoe + 4S02Amo2 

-f 3SH2. 

KHo or NaHo* precipitates the iiyjlrate, readily soluble in ex- 

* Potassic or sodic hydrate is mostly contaminated with alumina, derived 
during the manufacture from porcelain vessels, etc., and it is, therefore, absolutely 
necessary to employ pure NaHo (prepared in silver vessels) for the separation of 
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•cess, forming a qnasi-saline compound, Sodic Alumlnate, AljNaOe, 
which is reprecipitated by excess of Am CI, or by AmHo, after 
neutralisation of the alkali by hydrochloric acid. The alkaline 
solution is not precipitated by SAmj (method of separation op Al 

FROM Fe*^). 

AmHo precipitates the hydrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

CONaos or COAino2 precipitates basic carbonate of uncertain compo- 
sition. 

COBao" completely, but slowly, precipitates AljHoe, even in the 
cold, mixed with basic salt. Carbonic anhydride escapes. 

POHoNao2 gives a bulky white precipiiaie of alumlnic phosphate, 

P302Al20^, insoluble in AmHo and Am CI ; soluble in KHoor NaHo, 
like the hydrate (AmCl reprecipitates the phosphate from the soda 
solution), and in acids, but not in hot acetic acid (Distinction of 
AI2OS FROM Aluminic Phosphate). Alkaline acetates precipitate 
P202Al20^ from its solution in mineral acids. The presence of 
citric acid, but not of tartaric acid or of sugar, prevents its precipi- 
tation. 

In order to decompose aluminic phosphate (e.ff.f in the mineral wavellite, 
P40(Al20g)'*3l20H2), it is best to fuse the finely powdered mineral with 
li part of finely divided Si02, and 6 parts of CONao2, in a platinum crucible, 
for about half an hour. The mass is digested for some time with water, and 
COHoAmo added in excess ; it is then filtered and washed. The residue consists 
x>t aluminic and sodic silicate, the solution contains the sodic phosphate. 
Dissolve the residue in dilute hydrochloric acid, and evaporate to dryness to 
separate the silica, and filter. The filtrate may be tested for Al in the usual 
-way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by fusion with S02HoKo, or with fusion 
mixture, and become readily soluble in water or in dilute hydro- 
<jhloric acid. 

Powder up some porcelain very finely, and fuse for half an hour in a platinum 
crucible, with four times its weight of fusion mixture. Extract wdth water. 
Transfer both the soluble and insoluble portion — consisting of alkahne aluminate 
— ^to a porcelain dish, acidulate with hydrochloric acid, and evaporate to dryness. 
Take up with a few drops of concentrated hydrochloric acid and hot water, and 
filter ; wash the insoluble Si02 well with hot water. The filtrate contains the 
iiluminium as AljClg, from which it can be precipitated as usual. 

Aluminic silicate is often found in nature associated with potas- 
sic or sodic silicate, as in felspar (dipotassic aluminic hexasilicate), 
Si608Ko2Al2o'^, and albite, Si608Nao2Al2o'^^ In order to test for 
potassium and sodium, alkali salts must, of course, be carefully 
avoided. This can be done by making use of hydrofluoric acid. 

Introduce a small quantity of finely powdered/e^^par into a platinum crucible 
or dish ; treat with liquid hydrofluoric acid, and evaporate at a gentle heat in a 

Fe and Al. It must likewise be recollected that NoHo acts destructively upon 
porcelain and glass vessels ; the precipitate should, therefore, not be heated 
longer than is necessary for its complete precipitation. 
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closet which is connected with the chimney. HF attacks the Si02, forming 
silicic fluoride, SiF4— a volatile compound — and leaves the aluminium and potas- 
sium behind as fluorides readily soluble in dilute hydrochloric acid : — 

SieOgKoaAljO'i + 32HF = 6SiF4 + 2KF + AljFg + I6OH2. 

The decomposition is generally only completed after two or three evaporations 
withHF. 

QUESTIONS AND EXERCISES. 

1. Enumerate some of the more important aluminium minerab; give constitu- 

tional and graphic f ormulse. 

2. How is AI2O3 detected in the dry way ? 

3. Give equations for the reactions of aluminium in the wet way. 

4. How can insoluble aluminium minerals be rendered soluble in water or 

acids ? 

5. Explain the action of HP u^ou felspar and alhite. 

6. How can AI2O3 be separated from Fe203 ? 

7. How is Alodg separated from Fe", Zn", Mn", Ni", Co" compounds ? 

8. How can AI2O3 be distinguished from P2O2AI2O'* ? 

The separation of the metals of Group III is surrounded by some 
difficulties, on account of the unavoidable complication which arises 
from the possibly simultaneous precipitation of — 

1st. Sulphides, viz., NiS, CoS, MnS, ZnS, PeS. 

2nd. Hydrates, viz., CrgHoe, AI2H06, and 
3rd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment,, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily be done by adding AmCl, AmHo, and SAm2 
to a small portion of a solution of metals of this group (or to the 
filtrate from Group II) . On dissolving the precipitate which these 
reagents produce in a little concentrated nitric acid, and adding a 
solution of ammonic molybdate,* a yellow precipitate is obtained 
(especially on digestiug for some time at a gentle heat), showing 
the presence of phosphoric acid. If no precipitate is obtained, the 
solution need only be examined for Ni, Co, Mn, Zn, Fe, Al, 
and Cr. 

I. Phosphoric acid Is absent. — This is sufficiently indicated if 
the original substance dissolved readily in water. If insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

It would appear at first sight that the deportment of the five sulphides and 
two hydrates with ammonic chloride and ammonic hydrate, sodic or potassic 
hydrate, or dilute acids (c.^., HCl), would enable the members of this group to- 
be separated, or seyeral of them, from each other. It has been seen, for example, 
that — 

Ist. Niy Co, Mn, Zn are not precipitated hy AmHo from a hot solution con- 
taining large excess of AmCl; whilst Fe2Ho6,Cr2Ho5, and AIHoq are precipi- 
tated. It has, howeyer, been foimd that the mode of separation based upon this 

* For the preparation of this reagent see Appendix. 
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solvent property of ammonic chloride, gives but imperfect results, since the 
Fe^Hog carries down varying quantities of other oxides, especially on exposure of 
the solution to the air, when higher oxides of manganese and cobalt are formed, 
which are not soluble in ammonic chloride. Small quantities of Ni, Co, Mn, and 
Zn are thus frequently overiooked altogether. It iJs only by redi'ssolving the pre- 
cipitate and reprecipitating several times over with AmCl and AmHo, as long a^ 
the ammoniacal filtrate gives a p»ecipitate with sulphuretted hydrogen, that iron* 
can be separated from manganese, etc., in this manner. 

With these precautions, however, it is mostly possible to separate the metals 
of this group from each other by first precipitating ferric, chromic, and aluminic 
hydrates by means of AmCl and AmHo, and then, from the fi'trate, the sulphides 
of Ni, Co, Mn, and Zn by means of SHj or SAm^ ; and the following method 
of separation may be consulted with advantage by beginners, as well as the more 
accurate, but more tedious one, of separation by COBao" (see Table, pp. IS and 19) . 

2nd. That Zn, Al, and Cr are precipitated by KHo or NaSoy but are soluble 
in excess^ whilst the other metallic hydrates are insoluble. From this it would 
appear that these three metafe can be separated by means of the fixed alkaline 
hydrates. But it has been found that Fe2Ho6, NiHo2, CoHog, MnKoo cany 
down appreciable quantities of ZnHo2 and — more especially the FeoHog precipi- 
tate — of Or2Ho6, and that a complete sepai*ation cannot be efiected by precipita- 
tion with KHo or NaHo. 

3rd. Cold dilute hydrochloric acid does not dissolve CoS or NiS to any great 
extent^ but dissolves the other sulphides and hydrates. This method, if practised 
with care, gives good results, small traces only of CoS and NiS being generally 
dissolved out. But as it leaves the iron, aluminium, and chromium still to be 
separated from manganese and zinc, no saving of labour is effected thereby in the 
separation of these seven metals. 

Finely dwid-ed freshly preaipitatBd baric carbonate, COBao", is a 
reagent which separates the lower oxides^ viz.^ ZnO^.MllO, NiO, CoO 
(this latter not quite so perfectly, except in the presence of much 
ammonic chloride), /rom the higher oxides, viz., Fe203,. AI2O3, and 
CrgOa. The metals should be first obtained as chlorides. 

The examination of the precipitate produced by COBao" is based 
upon — 

1st. The solubility of AI2H06 in NaHo, 

2nd. The conversion of CraOa vnto CrOa by fusixm with sodic car- 
hona^te and nitre, or by boiling with ClNao, or with. Pb02.i/«« an alka- 
line solution. 

The examination of the filtrate is based upon — 

1st. The solubility of ZnH'02 in sodic hydrate. 
2nd. ,, MnS- in acetic acid. 

3rd. ^\ie formation of soluble K6Co2Cyi2 and the precipitation of 
Ni as black Ni2Ho6 by ClNao, or chlorine. 

Directions for the separation of these seven metals will be found 
in the analytical tables under Group IIIa. 

PEACTICAL EXERCISES* ON aROUPS HIa, IV and V. 

1. A solution of ferric chloride, ammonium alum and manganous chloride, con- 
taining '500 grm. of Fe, '050 grm. of Mn, and '050 grm. of Al. 



* These exercises may of course be varied, and should be looked upon merely 
as indicative of the course to be pursued. 

£ 
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2. A solution of BO^k/' and VJOfiw/', containing 050 grm. of Ni and -010 

grm. of Co. 

3. A mixture of the solid talta : zinc white, green yitriol and potaannm alum ; 

both in the dry and in the wet waj. 

4. A solution of SO^Zno^' and potassium chrome alum, containing '500 grm. of 

Cr and -060 of Zn. 

5. A mixture of potassium chrome alum and green ritriol (about "050 grm.), in 

the dry way only. 

6. A mixture consisting of ferric oxide, manganic oxide and xincic oxide, con- 

taining 050 grm. of Fe^O, 010 grm. of IKnOj and 100 grm. of ZnO ; to 
be examined in the dry way only. 

7. A sample of dolomite, for Fe (Mn) Ca and Mg. 
H. A sample of cole spar, for Fe'' and Mg. 

9. Samples of iron ores, e.g., red hematite, brown koBmatite, magnetic iron ore, 
martial pyriteJt, to be examined for water and sulphur only. 

10. A sample oiF calamine, in the dry way only. 

1 1. A sample of chrome iron ore for chromium in the dry way. 
1 4^. A sample of magnetic iron ore for Fe", in the wet way. 



Tabulate the reactions produced by AmCl and AmHo, NaHo or SAmj with 
the members of Group IIIa, according to the following scheme : — 



Reagent. 


AljOj. 


CrjOa. 


PeA- 


1 

ZnO. 


KnO. 


HiO. 


Ck>0. 


AmCl, 

and 
AmHo. 


A white gelatin- 
ous lurecipitate 
of A^Hoe, 
slightly soluble 
in excess, re- 
precipitated on 
lx>iling. 














NaHo. ! Ditto, soluble 














m excess. 














SAmj. A white gelatin- 
ous precipitate 
of jfU^Hoe, in- 
! soluble in ex- 
















cess. 















with the main view of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the reagents. 

II. Phosphoric Add is present. — The original substance was 
either insoluble or only partially soluble in water, but soluble in 
hydrochloric acid. In this case AmCl and AmHo* produce a pre- 
cipitate before SAm2 is added ; the precipitate may possibly consist 
of NiS, Cos, MnS, ZnS, PeS, AljHOe, CrjHo«, as well as the 
phosphates of (Cr), Al, Mg, Ca, Sr, Ba. 

It is obvious that ammonic phosphate is formed by the decom- 
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre- 

* If AmOl and AmHo should give no precipitate, it is obvious that no pbos- 
pliates and no Fe, Al and Cr need be looked for. 
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sent) by SAm2 — AmCl and AmHo precipitate these phosphates 
without decomposition — which, in its turn, would act upon any 
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these 
metals, although none may have been present originally in the 
saline mixture. An example will make this clear. Let us suppose 
that the substance under examination consists of COBao", P202Cao"3 
and P202Fe20^. On dissolving in hydrochloric acid, baric chloride 
is formed, and the calcic and ferric phosphates are dissolved with- 
out decomposition. On adding AmCl and Am Ho, a yellowish- 
white precipitate of P202Fe2o'^ and P202Cao"3 is obtained, whilst 
BaCl2 is not precipitated. On adding, however, SAm2 as well as 
the AmCl and AmHo to the solution, P302Fe2O^ is decomposed into 
FgS and POAmos, which latter, by acting upon the BaCl2, would 
precipitate baric phosphate. 

In order to avoid this, the precipitate produced in Group III by 
AmCl and AmHo, which contains for the most part the whole of 
the phosphates, is filtered off and SAm2 added to the filtrate only. 
The two precipitates are washed separately, transferred to a porce- 
lain dish, and boiled with a little SAm2, which decomposes the 
metallic phosphates (possibly also some Pe2Ho6), leaving the phos- 
phates of the earths and alkaline earthy bases (if any) as well as 
the hydrates of Cr and Al, unchanged. The insoluble residue is 
filtered off and washed with hot water (to which a little SAm2 has 
been added to prevent the oxidation of PeS, etc.) ; the filtrate is 
tested for phosphoric acid by means of AmCl, AmHo, and S02Mgo". 
A white crystalline precipitate shows that phosphoric acid was 
present, in corribhiaiion with the metals precipitable as svlphides. 

The residue is dissolved in very little hot hydrochloric acid, with 
the addition of a little concentrated nitric acid; filtered, if necessary, 
from the sulphur which separates, and concentrated to a small bulk 
by evaporation. To a portion of the solution add a little more con- 
centrated nitric acid, and then some ammonic molybdate, and heat 
gently. In the absence of a yellow precipitate, no phosphates of 
(Cr), A], Ba, Sr, Ca, Mg need be looked for, and the solution may 
be examined at once according to Table IIIa. A yellow precipitate 
indicates that phosphates of the earths or alkaline earthy bases, or of 
both, are present, in addition to the metallic phosphates already 
tested for. 



fi 2 



52 



SEPARATION OF THE METALS OF GROUP IIIa BY 



Add AmCl in considerable excess ; heat gently, and then add AmHo drop by 
of Fe*^.) Filter quickly, and wash with hot water. Beserre the ammonia- 
filter. Collect the acid solution in another beaker, and repeat in like 
produces any precipitate in the filtrate. Mix now the different am- 



SoLUTiON. — Pass a current of SH2 though the solution, and filter off ZnS, 
MnS, NiS, CoS. Wash off the filter, and redissolve the preoipitate in 

dilute HCl, with the addition of a few small crystals ofi z}^ . Add 

NaHo in excess, boil, and filter. 



The Solution may 
contain Zn, as 
ZnNaos. Add 
SHj. White 

precipitate of 
ZnS. 

Presence of Zn. 



The Peecipitate may contain MnHos, CoHo], and 
NiHoj. Wash, dissolve in a little dilute HCl ; nearly 

neutralize with AmHo ; add excess of -j JJ^J ; pass 

a rapid current of SH2 for several minutes through the 
solution and filter. 



The SorxTiON 
contains the 

manganese as 
acetate. 

Add AmCl, AmHo, 
and Sulphu- 
retted Hydrogen 
Water. 

Flesh - coloured 
precipitate of 
ICnd. 

Presence of 9ln. 



Kesidue. — Dissolve in HCl and 
I OKo ' iiearly neutralize with 

CONaoo J add a weak solution of 
KCy, so as just to redissolve the 
precipitate first produced. Boil 
briskly for some time, allow to cool 
(filter off any slight precipitate), 
and add a strong solution of CINao ; 
allow to stand for some time in a 
warm place, as long as a black pre- 
cipitate forms, and filter. 



Peecipitate con- 
sists of NI2HO5. 
Filter off and 
confirm by heat- 
ing a small por- 
tion of it on a 
borax bead be- 
fore the blow- 
pipe fiame. 

A yellowish to 
sherry-red bead. 

Presence of Ni. 



The Solution con- 
tains the cobalt 
as KgCoaCyij. 
Evaporate to 
dryness, and test 
a little of the 
residue before 
the blowpipe 
flame on a borax 
bead. 

A blue bead in 
both flames. 

Presence of Co. 
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drop as long as a precipitate comes down. (The iron must be present in the form 
cai filtrate. Bedissolve the precipitate by treating it with hot dilute HCl on the 
manner the precipitation with AmCl and Am£[o, as long as good SH3 water 
moniacal filtrates with the main filtrate. 



The Pbscipitate consists of Fe2Ho«, Cr^Hoe, and Al^Hog. Dissolve in 
dilute HCl, add a solution of NaUo (free from alumina) in excess, and boil 
for some time. Filter off. 



Pbecipitate. — Dry and fuse, with fusion mixture 
and NO2K0 on platinum foil. Dissolve in hot 
water, and filter. 



BssiDUE. — Dissolve in di- 
lute HCl, and add 
K4FeCye. 

A precipitate of Prussian 
blue. 

Fresence of Fe. 

Test the original HCl 
solution specially for 
Fe" and Fe*^ by means 
of Mn-jO^Ko] in a 
highly dilute* solution 
as well as by means of 
K4FeCy6, KeFe.Cyis, 
or CyAms. 



Solution, yellow. Con- 
firm by adding | ^^"^^ 

and({^^«)2Pbo". 

Yellow precipitate of 
CrOgPbo 



// 



Presence of Cr. 

Note, — Traces of man- 
ganese — owing to imper- 
fect separation of Mn 
from Fe by precipitation 
with AmCl and AmHo — 
are indicated by the 
hluish-green colour of the 
fused mass arising from 
the formation of an alka- 
line manganate, and after 
dissolving in water, by the 
pttrplish-redcoXoMV of the 
alkaline permanganate. 



Solution. — Acidulate 
with dilute HCl, and 
add AmHo in slight 
excess. 

White gelatinous pre- 
cipitate. 

Presence of Al. 

Note. — If no sodic hy- 
drate free fi*om alumina 
can be obtained, it is ne- 
cessary to test an equal 
bulk of the reagent by 
acidulating with HCl and 
adding a slight excess of 
AmHo, and then com- 
paring the AlsHog thus 
precipitated with the pre- 
cipitate obtained in testing 
the solution under ex- 
amination. 
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If so, add to the rest of the solution CONao^ till nearly neutral, 
then an excess of a solution* containing sodic acetate and strong 
acetic acid: E202Fe2O'^ (as well as P202Cr20^ and P30fAl20^, if 
present), are precipitated. Any phosphates of the alkaline earths 
left undecomposed by the ferric chloride already present in the solu- 
tion, are held in solution by the acetic acid. To the filtrate add 
FegCle, drop by drop, as long as a ])recipitatet is obtained, and 
till the colour of the supernatant liquid becomes distinctly reddish. 
Digest at a gentle heat ; allow to subside and filter. In this manner 
the whole of the phosphates of the alkaline earthy bases are decom- 
posed, with formation of P203Fe8O^, insoluble in acetic acid — (which 
precipit-ate may be neglected), and chlorides of Mg, Ba, Sr, Ca 
which remain in solution, together with the chlorides of Ni, Co, 
Mn, Zn (and the excess of FegCle added). The whole of the phos- 
phoric acid having thus been removed, the precipitate produced by 
AmCl, AmHo and SAm2 is examined accordiugto Table IIIa. The 
alkaline earthy metals are separated according te Tables IV and V. 
It should be borne in mind that these metals can have been present, 
in the original substance only as phosphates, and the filtrate which 
contains them should on no account be mixed up with the main 
filtrate from Group III, but should be examined separately. 

It may be of interest, occasionally, to ascertain whether any oxalates of Ba, 
Sr and Ca (which are destroyed by evaporation with nitric acid and ignition, 
before proceeding to Group III), were present in the original mixture, in which 
case the eyaporation to dryness and ignition must be omitted. 

The precipitate produced in Group III by AmCl and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
also gelatinous silica. The oxalates are decomposed by gently igniting the pre- 
cipitate, and are converted into carbonates. The ignited mass effervesces strongly 
on extracting with dilute hydrochloric acid. "When the solution is evaporated to 
dryness and again taken up with dilute HCl, the sihca, if present, is rendered 
insoluble, and may be separated by filtration. To the acid solution, which may 
possibly contain phosphates of Mg, Ca, Sr, and Ba, as well as chlorides of the 
bases, present before ignition as oxalates, add AmCl and AmHo and filter 
off. The filtrate contains the chlorides of Ba, Sr and Ca, and is tested separately 
according to Table IV. All bases so discoveeed must hate beeh peesent 

ORIGINALLY AS OXALATES. 

The separation op the metals and salts (phosphates) precipi- 
tated IN Group IIIb is based upon : — 

1st. The insolubility of the phosphates of Fe, Al (and Cr) in acetic 

acid, in the presence of an alkaline acetate. 
2nd. The separation of the whole of the phosphoric acid which is in 

combination with the alkaline earthy bases, by means o/'Pe2Cle, 

in an acetic solution. 

* For the preparation of this reagent see Appendix. 

t If any phosphates of the alkaline earthy bases be left, Fe^Cl^ should pro- 
duce a yellowish-white precipitate when added to a portion of the acetic acid 
solution, if not, no ferric salt need be added to the main portion of the filtrate. 
(The presence of iron, other than phosphate, is generally indicated by the reddisli 
or ferric acetate colour of the filtrate.) In this case Al and Cr, as well as the 
metals of the alkaline earths, will still have to be looked for in the filtrate. 
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All other operations are identical with those described in Tables 
IIIa, IV and V. 

A tabular scheme for their examination* will be found in the 
analytical tables, under Group UIb. 

QUESTIONS AND PRACTICAL EXERCISES ON GRO-UP IIIb. 

1. A hydrochloric acid solution, containing, common sodic phosphate, ferric 

chloride, calcic and magnesic chlorides. 
i; A hydrochloric acid solution, containing common sodic phosphate, nickelous 

sulphate, cobaltous nitrate, zincic sulphate, and ferric chloride. 

3. A hydroehloric acid solution of calcic phosphate, chromic chloride, and 

alunkinic phosphate. 

4. A mixture of bone-ash and much ferric oxide. 

5. A mixtui*e containing little fervic oxide and much moffnesife (or magnesia 

alba) and hone-ash. 

6. A hjdrocliloric acid solution of common alum and hydric disodic phosphate. 

7. How would you recognise alumina in the presence of aluminic phosphate ? 

8. Given a reddish-coloured solution (owing to the presence of ferric salts), 

which gives s copious precipitate on the addition of sodic acetate and 
acetic acid in the cold, leaving the solution still coloured. What inference 
is to be drawn from this observation? 

9. A solution contains chromic chloride, chromic phosphate, and dipotassic 

dichromate. State how you would distinguish these three chromium 
compounds from each other. 

10. An acid solution (HCl) of a mixture, consisting of ferric chloride, baric 

chloride, and common sodic phosphate, retains it» reddish colour, after 
• precipitation with sodic acetate and acetic acid. "What inference must bo 
drawn from this, and what would you infer if the filtrate were colourlesB, 
but gave no further precipitate on the addition of Fe^Clj? 

11. You have a solution given to you which gives a precipitate with AmCl and 

AmHo. What inference must you draw if the filtrate gives no further 
precipitate on the addition of SAm^ ? 

12. You have given to you a concenti*ated Solution of ferric chloride. On adding 

a few drops of a solution of hydric disodic phosphate, a yellowish pre- 
cipitate appears. Explain what takes place, Ist. When a portion of the 
solution in which the precipitate is suspended is boiled. 2nd. When 
acetic acid is added, in the cold, to another portion. 3rd. When the pre- 
cipitate m filtered and treated with excess of the' hydric- disodi<r phosphate 
in the presence of ammonia. 



Chapter V. 
REACTIONS OP THE METALS OP GROUP II. 

This group comprises the metals mercurt, lead^ bismuth, copper, 

CADMIUM, ARSENIC, ANTIMONY, TIN (GOLD AND PLATINUM), which are 

precipitated from acid solutions (HCl) by means of sulphuretted 
hydrogen. 

Mix together solutions of NaOeBio'", HgrClg, SOjCuo", OdClj, AsjOa 
(didsolTed in HCl), N304Pbo", SbOls, SnOlj, and SnCl4, and pa^s a current of 

* The examination of G-roup Ills, containing phosphates, may be deferretl 
until the student has become acquainted with the reactions for acid». 
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SHj, without £r8t filtering. off bhe white precipitate which is produced. Filter ; 
pass the gas again through the clear filtrate, to make sure that the metals have 
been entirely precipitated. Wash the precipitate with hot water; remove a por- 
tion from the filter ; boil with a little yellow ammonic sulphide, and filter off. A 
black residue is left, consisting of HgrS, PbS, BigSs, CuS, OdS. The solution 
contains As2^3, ^^2^3) S^S and SnSs. This can be shown by acidulating with 
dilute hydrochloric acid, when a yellow precipitate comes down — because yellow 
ammonic sulphide converts SnS into SnSj, — consisting of the sulphides of As, 
Sh, Sn. 

This sliows that Group II may be divided, by means of ammronie 
suljoihide, into two portions. 

The name sulphide, in its widest sense, is given to all compounds into which 
sulphur enters as the electronegative element. A remarkable analogy is ob- 
servable between oxides and sulphides. There is a certain class of sulphides 
which resembles metallic oxides or ba«es ; another class which plays the part of 
oxy-acids. Sulphides are therefore divided into sulpho-hasee and sulpho-acids. 
To the latter belong the sulphides of H, As, Sn, Sb (Pt, Au) ; to the former the 
sulphides of many metals, especially such of the metals as constitute powerful 
bases (K, Na, Am, Ba, Ca, etc.). An electropositive element, which forms with 
oxygen an oxide, combines generally also with the same number of sulphur 
atoms, to form a corresponding sulphide , in which the sulphur is almost inva- 
riably a dyad. 

The resemblance in the constitution of these oxygen and «tdphur compounds 
is further' borne out by the analogy in their solubility and alkaline reaction : — 
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Oxy-hases. 
'Potassa, alkaUne and soluble. 



0Am<2 Ammonia 

ONaj Soda 

BaO Baryta 

CaO Lime 

PeO Ferrous oxide, no reaction, 

insolu'ble. 

ZnO Zincic 
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SulphO'hases. 

SKj Potassic sulphide, alkaline and 

soluble. 
SAms Ammonic 
SNa2 Sodic 
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BaS 
CaS 

PfiS 



Baric 
Calcic 
Ferrous 
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ZnS Zincic 
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no reaction, 
insoluble. 
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Oxy-anhydrides. 
AS2O3 Arsenious anhydride. 



ASjOg Arsenic 

SbjOa Antimonious 

Sb^Os Antimonie 

SnOo Stannic 



» 



>» 



»» 



AsHoj 

ASOHO3 

SbHos 

SbOHos 

SbOaHo 

SnHo4 



Oxy-acidf^ 

Arsenious acid. 
Arsenic acid. 
Antimonious acid. 
Aatimonic acid. 
Metantimonic acid. 
Stannic acid. 



Sulpho-anhydrides, 

AjboSs Arsenious sulphide, or sul- 

pharsemous anhydride. 
AS2S5 Arsenic sulphide, or sulphar- 

senic anhydride. 
BbaSs Antimonious sulphide, or sul< 

phantimonious anhydride. 
.SbaSs Antimonie sulphide, or sul- 

phantimonic anhydride. 
SnSj Stannic sulphide, or sulpho- 

stannic anhydride. 

Sulpho-acids. 

ASH83 Sulpharsenious acid. 

AsSHs3 Sulpharsenic acid. 

SbHss Sulphantimonious acid. 

SbSHss Sulphantimonic acid. 

SbSoHs Sulpbomet antimonie acid. 

SnHs4 Sulphostannic acid. 



Sulpho-salts are obtained by the mutual action of a sulpho-acid and a sulpho- 
base upon each other. 
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Sulphides soluble in water, comprising the sulphides of the alkalies and 
alkaline earthy metals, are divided into normal sulphides^ such as SKj, SAroj, 
SNa2, BaS ; into sulphydrates (acid sulphides), such as SKH, SAmH, BaH82 ; 
and polif sulphides i such as ^^2i SfiKj, SsAmj. The aqueous solutions of the 
normal and acid sulphides are colourless, and give off SHj when treated with 
dilute hydrochloric acid, without separation of sulphur. Solutions of the poly- 
sulphides are yellow, or yellowish-brown, and when treated with hydrochloric 
acid, give off sulphuretted hydrogen, with separation of whit« (or precipitated) 
sulphur. The number of sulpho-salts is small compared with the salts of oxy- 
acids, and they are far lees stable than ordinary oxy-salts. This arises from the 
fact that sulphur is comparatively indifferent to chlorine, phosphorus, nitrogen, 
carbon, siUcon — ^non-metaUic elements, which are endowed with a powerful 
chemical affinity for oxygen, with which they fcarra in the presence of water 
energetic oxy-acids — and that there are either no sulphides corresponding to the 
oxygen compounds of these elements, or sulphides of a very indifferent nature. 
The number of sulpho-acids is principally restricted to the acids enumerated 
above, and these again combine mostly ouly with the soluble sulphides possessed 
of an alkaline reaction ; or, if combined with the sulphides of the heavy metals, 
as in certain minerals, they are readily decomposed by chemical agencies. 

The following is a list of some of the more important sulpho-salts compared 
with the corresponding oxy-salts : — 

Oxy-salts. Sulpho-salts. 

SnNaOj Disodic stannitc. SnNas2 Disulphosodic sulphostannite. 

SnONaoj Disodic stannate. SnSNas^ Disulphosodic sulphostannate. 

AsKos Tripotassic arseiiite. AsKss Trisulphopotassic sulpharsenite. 

AsONaos Trisodic arsenate. As^Nass Trisulphosodic sulpharsenate. 

SbOEo Potassic metantimonite. SbSKs Sulphopotassic metasulphanti- 

monite. 
SbOjKo Potassic metantimonate. SbS^Es Sulphopotassic metasulphanti- 

monate. 

In these sulphur compounds the radical Nas, sodiumsulphyl, occupies the place 
of the compound radical JSao, sodoxyl. In like manner 

Ks Potassiumsiilphyl occupies the place of Ko Potassoxyl. 
Ams Ammoniumsulphyl „ Amo Ammonoxyl, 

Bas" Bariumsulphyl „ Bao" Baroxyl. 

Cas" Calciumsulphyl „ Cao" Calciumoxyl, 

in the analogous sulpho-salts. 

Instances of some interesting natural snlpho-salts, to be con- 
sidered more fully under silver and lead, are^ — 

AsAgSg trisulphargeiitic sulpharsenite {proustite). 

SbAgSg trisulphargentic orthosulphantimonite (pyrargyrite or dark red 
silver ore). 

Sb.2S"(Cu2FeS"3)"2 sulphocuproso ferrous pyrosulphantimonite {fahl ore). 

Sb2Pbs"3 trisulphoplumbic orthosulphantimonite {houlanyerite) . 

Sb2Pbs"2(Cu2S'2)" disulphoplumbic sulphocuprous orthosulphantimonite 
(bournonite) . 

Sb4S3Pbs"Pb8"2 trisulphoplumbic metasulphantimonite* (jamesonite) . 

Treat another portion of the above SH2 precipitate with NaHo 
or KHo and filter off. A black residue is likewise left, and on 
adding dilute HCl to the filtrate, ASjSs, SbgSa, SnS and SnSa are 
reprecipitated. 

* This comp.ound may also be viewed as Sb2S2Pb" (sulphoplumbic metasulph- 
antimonite) and Sb.2SPbs''2 (sulphoplumbic pyrosulphantimonite). 
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Tbis shows tliat ibm hydrates cf the alkaU metals dissolve a por- 
tion of the stUphides precipitated by SHt in Group II. The following 
equations explain the action of the alkaline hjdrates : — 

Sb,S, + 6KH0 = SbKs, + SbKo, + 30H,. 

Aniimonioiu Trisvlphopotaasic Tripotaasie 

sulphide. sulphantimoiiile. antinionite. 

AbjS, + 4KHo = AsHsKs, -4- AbHoKo^ -h OH,. 

Anenioufl Sulphjdric Hjdric dipotMoc 

sulphide. disnlphopotassic areenite. 

solpharsenite. 

2SnS + 4KHo = SnKs, + SnKo, -h 20H,. 

Stannous Disiilphopotasac Dipotassrc 

sulphide, 8ulpho6tannite. stannite. 

2SnS, -h 4NaHo = SnSNas, + SnOXaoi -h OH, + SH,.* 

Stannic Disiilphosodic Disodic 

sulphide, snlphostannate. stannate; 

Addition of hydrochloric acid reprecipitates the salphides, thus : — 

SbKsa -f SbKo, + 6HC1 = Sb^S, -f 6KCI + 30H,. 

Hence the metals which are precipitated by SHj in Group II 
can be subdivided by means of SAm, or NaHo into — 

A. Metals whose sulphides act as sulpho-lmses, viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammonic 
sulphide (HgS dissolves to some extent in potassic or sodic 
sulphide; CuS is somewhat soluble in ammonic sulphide). 

B. Metals whose sulphides a^t as sulpho-acids, viz.^ the sulphides 
of As, Sb, Sn (Au, Pt). 

Group II. Subdivision A. 

1. Mercnry^ Hg''.^ Atomic weight, 200. — Occurs native, but 
is chiefly obtained from cinnabar or mercuric sulphide, HgS. 

EXAMINATION IN THE DfiY WAT. 

Add a little finely-diTided lead or zinc to a few globules of mercury on a 
watch-glass. The liquid metal mercury becomes thick and pastj by the com- 
bination with the solid metal lead or zinc. It enters into combination with the 
lead, in the cold, to- form an. amal^ain. Some metals combine with mercury 
only when heated. 

The term amalgam is applied to the combinations into which 
mercury enters with other metals. Combinations between metals, 
other than mercury, are called alloys. This property of mercury 
has received an important application in the extraction of gold 
and silver from poor ores by the so-called amalgamation process, in 

* No SHj is given off in this reaction. As excess of NaHo is always used, it 
may be represented: — 

2SnS3 + 5NaHo « BnSNass + SnONaos + 20Hs + NaHs. 
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whicli mercury can be separated again by distillation, gold and 
silver being left behind. 

The combination of the metal mercnry with other metals at 
the ordinary temperature is obviously due to its liquid condition, 
which facilitates its being brought into intimate or molecular 
contact with other metals. This contact action is materially 
increased, if the solid metals are offered to the mercury in a finely 
divided condition, or in the form of foil. An amalgam of 4 parts 
of tin and 1 part of mercury is employed for making looking- 
glasses. 

HgS (as well as SAg2, AUgSa, PtSi) parts with its sulphur 
when roasted in the air, and yields the metal ; it is in fact reduced 
to the metallic state hy oxygen, owing to the weak affinity which 
exists between the metal mercury and the non-metal sulphur, and 
owing likewise to its weak affinity for oxygen, on account of which 
the HgO (and OAgj) first formed gives up its oxygen again to a 
fresh quantity of HgS (or SAgj). 

Hydrogen and carbon, copper, tin, zinc, etc., reduce HgS at a 
high temperature, forming with the sulphur SH2, CS2 (carbon 
disulphide), CuS, etc. The native HgS is, however, best reduced 
by the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry CONao-:, and heat in a little tube, sealed up 
at one end, or blown into a small bulb. Metallic mercury sublimes and forms a 
mirror in the cold part of the tube ; the sulphur is fixed by the alkali metal. 

Mercury salts, when heated by themselves, out of contact with 
the air, volatilize or sublime, either without decomposition, such 
as HgBr2, HgCU, HggCU (without undergoing previous fusion), 
Hgls.HgS ; or they are decomposed into oxide or metal. Salts ol* 
mercury with fixed acids (P2O5, CrOa, etc.), leave fixed residues of 
acid or oxide (Cr203). 

REACTIONS IN THE WET WAT, 

Mercury forms two series of salts : mcrciiraus and nlercurlc salts. 

It dissolves readily in nitric acid, even in the cold, forming mer- 
curous nitrate, if the mercury be in excess, and mercuric nitrate, if 
the acid be in excess. These salts have the composition — 

Mercurous Mercuric 

nitrate. nitrate. 

Mercurous salts contain HgjO ; mercuric salts, HgO. 

Mercurous oxide. Mercuric oxide. 

The oxygen atom being in the one case linked to two atoms of 

the dyad mercury, thus, < xxSyO, the mercury atoms being held 

together by one of their bonds, as well as by the bonds of the oxygen 
atom ; in the other to one atom, thus : — Hg=0. 

Mercurous oxide exhibits a tendency to combine with another 
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atom of oxygen, or when exposed to heat, to part with one atom of 
mercury, and to become converted into mercuric oxide. Hence 
mercurous salts are powerful reducing agents. 

On account of the insoluble chloride which 'Hg3' forms, its re- 
actions will be considered in connection with the reactions for 
silver and lead in Group I. 

In order to study the reactions of mercuric salts, A solution of 

NO 

MEECURIC NITRATE, JTo!-^^^ '' ^^ MERCURIC CHLORIDE, HgC^ (corrOStVe 

stihlimate), may be employed. 

SH2 (grroup-reagrent) added to HgCl2 gives a black precipitate 
of Biercurtc sulphide, HgS. The precipitation is marked by charac- 
teristic changes of colour. Accordingly as sulphuretted hydrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SH2, a yellow precipitate which passes through 
dirty yellovj to brown^ and becomes black only when excess of SH2 
has been added to the mercuric salt. The white, yellow, or brown 
precipitate consists of varying quantities of HgS and HgCU. 
HgS is insoluble in nitric or hydrochloric acid and in yellow 
arcmonic sulphide, potassic hydrate, or potassic cyanide ; soluble, 
however, in aqua regia and in potassic or sodic sulphide in the pre- 
sence of sodic hydrate, but insoluble in their sulphydrates. Long 
digestion with concentrated nitric acid converts the black H!gS into 
a white body, consisting of 2HgS + N204Hgo". 

SAm2 gives the same precipita^. 

NaHo or KHo added in excess produces a yellow precipitate of 
mercuric oxide, HgO, insoluble in excess. 

AmHo produces a white precipitate of mercuric amnionic 
chloride, 2(NH2Hg"Cl), known as '^ white precipitated* 

CONao2 or COK02 gives a reddish-brown basic precipitate. 

KI gives a bright red precipitate of mercuric Iodide, Hgl2, 
soluble either in excess of potassic iodide or of the mercuric salt. 

KCy gives with mercuric nitrate (not the chloride) a white pre- 
cipitate of mercuric cyanide, HgCy2, soluble in excess ; not decom- 
posed by boiling with alkalies or alkaline carbonates, but only by 
SH„ 

Mercuric salts are readily reduced to mercurous salts : — 

SllCl2 (stannous chloride) gives with mercuric salts a white pre- 
cipitate of mercurous chloride, Hg^CU which when boiled with 
excess of the reagent, is reduced to grey metallic mercury. On pour- 
ing ofE the fiolution and boiling the grey precipitate with HCl, the 
mercury is obtained in little globules. 

NO 
S02Feo" (ferrous sulphate) reduces j^^^Hgo", but not HgClj, 

to the metallic state. 

Cu, Zn, Fe precipitate metallic mercury from mercuric solutions, 
provided they are not too acid. 

If a strip of bright metallic copper be employed, a silvery-white deposit of 
metallic Ug is obtained, which, when gently rubbed, shows a bright metallic 
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lustre, and gives, after drying and heating in a dry and narrow test-tube, a sub- 
limate of metallic mercury. 

Mercuric salts «u;t the part of oxidizing agents ; they are first 
reduced to mercurous salts, and finally to metallic mercury. 



QUESTIONS AND EXERCISES. 

1. What changes take place when the sulphides of As, Sb, and Sn are boiled, 

Ist, with SAmj, 2nd with NaHo ? Express the changes by equations. 

2. €Kve the graphic formulse of cinnabar, dunercuric sulpho-dichloride, of lohite 

precipitate and of mercuric nitrate. 

3. Write out the symboUc equations for the reactions which mercuric nitrate 

giyes with the group and special reagents. 

4. Calculate the percentage composition of white precipitate. 

5. How is corrosive sublimate manufactured, and whence does it derive its 

name^ 

6. 1*5 grm. of HgrCla is precipitated as HgrS and collected on a weighed filter. 

How much by weight of HgrS should there be obtained ? 

7. Cinnabar is sometimes found adulterated with red-lead, red oxide of iron, 

brick-dust. State how you would discover the adulteration. (No sepa- 
ration of the impurities from each other is required.) 

8. What reaction takes place when mercury is acted upon by concentrated sul- 

phuric acid ? and by what consecutive stages is the product of this reaction 
converted into white precipitate I 



2. LEAD, Pb"' and »^. Atomic weight, 207.— Only a slight pre- 
cipitate of PbS is for the most part obtained in Group II, since the 
greater part of the lead is removed in Group I as PbC^. It happens 
frequently that this small quantity of lead is not precipitated by SH., 
on account of the solution being too acid (HOI), or t€K> concentrated, 
in which case a little lead is found in Group III, and is often mistaken 
for some other metal. It is necessary, therefore, to dilute a portion 
of the filtrate from Group II considerably and to pass a current of 
SHa through, in order to make sure of the presence of lead, espe- 
cially so, when lead has been discovered in Group I ; and, if a pre- 
cipitate be obtained, to pass the gas once more through the whole 
of the filtrate, after having diluted it considerably with distilled 
water. 

3. BISMUTH, Bi'" and ^. Atomic weight, 208.— This metal 
is principally found native ; also in combination with oxygen and 
sulphur, as bismuth ochre, Bi203, from the decomposition of bismuth 
glance, BiaSs, and in the form of sulpho-salts, as kobellite, BigPhs^s 
(trisulphoplumbic orthosulpho-bismuthite), and as needle ore, 
Bi2Pbs"2('Cu'3S2)", disulphoplumbo-cuprous orthosulpho-bismuthite. 

EXAMINATION IN THE DRT WAT. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, orange-yellow, while hot, lemon-yellow, vjhen 
cold, passing at the edges into a blulsh-wiilte. The incrustation can 
be driven from place to place by either flame, without colouring tbe 
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outer flame. (Distinction from Lead.) Heated with borax or 
microcosmic salt, Bi20s gives beads which are yellowish, when hot, 
and colourless, when cold. All bismuth compounds can be reduced 
to the metallic state by heating on charcoal with CON^02, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
FROM Lead and Silver Beads.) 

EXAMINATION IN THE WET WAY. 

Bismuth dissolves readily in nitric acid, forming NaOsBio'". A 

SOLUTION OF THIS SALT IS CONVENIENTLY EMPLOYED. 

SH2 (grroup-reaiirent) gives a hrownish-black precipitate of 
bismuthous sulphide, BijSs, insoluble in dilute acids, in alkalies and 
in alkaline sulphides ; soluble in concentrated nitric acid. 

Alkaline sulpbldes give the same precipitate. 

KHo, NaHo and AmHo produce a white precipitate of blsmutlious 
hydrate, BlHos, insoluble in excess. 

C0Am02 or CONao2 throws down a white hulky precipitate of 
basic carbonate (bismuthylic carbonate) = CO(Bi02)'2, graphic 
formula : — 

0=Bi— 0— C— 0— Bi=0 

II 


in which the compound radical bismuthyL BiO, acts the part of H 
in Ho. The precipitate is insoluble in excess. 

Cr206Ko2 gives a yellow precipitate of basic cbromate = 
Cr02(Bi02)' 

readily sol able in dilute nitric acid, insoluble in 

Cr02(Bi02)' 
potassic hydrate. (Distinction from Plumbic Chromate.) 
SOaHoo gives no precipitate. (Distinction from Lead.) 

KI produces a brown precipitate of bismuthous Iodide, Bilg, soluble in 
excess. 

KCj produces a white precipitate, insoluble in excess, soluble in acids. 

Bismuthous salts are partially decomposed by water, a basic salt 
being precipitated. The addition of an acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 
(BiCls). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate off the 
filter with dilute hydrochloric acid. Excess of acid should be 
avoided. 

On2 gives with BiCls b, white precipitate of bismuthous oxychlo- 
rtde, BiOCl, which is almost absolutely insoluble in water, but 
soluble in hydrochloric acid, from which it is reprecipitated on the 
addition of ammonic or sodic chloride. BiOCl is insoluble in tar- 
taric acid. (Distinction from Antimony.) 

Metallic zinc precipitates bismuth from its salts. 

Bismuthous salts exhibit a tendency to form basic salts, showing that Bi^Os 
is a very indifferent and weak base. 



{ 
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There are several other oxides known, e.g.^ blsmuthlc oxide or anhydride, 
BisOfi, which parfcs readily with two atoms of oxygen, when heated or acted upon 
by reducing agents. 



QUESTIONS AND EXERCISES. 

1. How can Bi be separated from As, Pb, or Hg ? 

2. Express in symbolic equations the reactions which a bismuthous salt gives 

with different reageats in the wet way. 

3. G-ive the graphic formulae for bismuthous nitrate, bismuthous oxide, bismuth 

glance^ bismuthous oxychloride. 

4. Calculate the percentage composition oi an alloy of 1 atom of Pb, 1 atom 

of Sn, and 3 atoms of Bi. 



4. COPPER, Cn". Atomic weight, 63 5.— This metal is found 
native ; also in combination with oxygen and sulphur, as red copper 
ore or ruby ore^ CUjO, as vitreoics copper or copper glance^ Cu^S, and 
indigo copper or hltis copper, CuS ; more frequently as copper pyrites, 

r FeS 

FejSsjCUgS = ^ jigo (Cu8S2)", (diferric cuprous tefcrasulphide), 

{Fe 
J, (CU2S2y'3, 

(diferric tricuprous hexasulphide) ; also Sisfahl ore, houmonite, etc. ; 
in combination with carbonic acid, as basic carbonate,, maZacfei^e, 
CO(OCuHo)'2j and azurite, mountain blue, or copper azure, 

GIToPtio" 

OH r //Cuo"; with sulphuric acid, as blue vitriol, S08Cuo",60H2 ; 

with PHOSPHORIC ACID, as phosphorocalcite, libethenite ; with arsenious 
acid, as tennantite ; silicic acid, as diopta^se, and others. 

EXAMINATION IN THE DRY WAY. 

Copper minerals form a very numerous class of ores ; and as 
many of them exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical character is indispensable to enable the 
student to distinguish readily between them. It is advisable to 
examine the doubtiful ores in the wet way also. 

The most characteristic reaction in the dry way is that which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is grreen whilst 
hot, blue on cooling. Most copper compounds, when heated on 
platinum wire in the inner flame, impart an Intense erreen colour to 
the outer flame. All copper compounds are reduced when heated 
in the inner flame on charcoal, together with CONao2 and KCy, 
yielding red metallic scales, or globules. Sulphides give off SO2, 
when roasted in an open tube, and leave CuO behind. Malachite 
or aaurite gives off water and carbonic anhydride when gently heated 
in a tube. Blue vitriol loses water, sulphurous anhydride and 
oxygen, and leaves cupric oxide. Cupric phosphate, arsenate, and 
silicate fuse to coloured glasses. 
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Met-allic copper is not affected in dry air at the ordinary temperature, but 
is readily oxidized when heated in air or oxygen and converted into black 
euprio oxide. Hydrochloric acid in the presence of air dissolves copper 
slightly, forming CU2CI2 ; nitric acid is the most active solvent for copper (as 
it is for Ag, Hg, Pb, and Bi), forming cupric nitrate. Sulphuric acid (concen- 
trated) dissolves copper, on heating, with evolution of SOj, and formation of 
SOaCuo". 

SO2H02 acts here the part of an oxidizing agent. This method of preparing 
sulphurous anhydride gas is frequently employed in the laboratory in prefierence 
to other methods. 

EXAMINATION IN THE WET WAT. 
A SOLUTION OF CUPRie SULPHATE, S02Cuo'^, Or CUPRFC NITRATE, 

NO 

ig^^'^Cuo", may conveniently be employed. 

SH2 (grroup-reagjent) gives a brownish-blach precipitate of cupric 
sulphide, CuS, insoluble in dilute acids : slightly soluble in yellow 
amnionic sulphide ; soluble with decomposition in nitric acid ; com- 
pletely soluble in potassic cyanide ; insoluble in potassic and sodic 
sulphides or caustic alkalies. CuS is rapidly oxidized ta SOzCuo' 
by exposure to the air ; it is insoluble in hot dilute sulphuric acid. 

SAmg produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide. 

NaHo or KHo gives a light-blue precipitate of cupric hydrate, 
CuHo2^ The precipitate turns black on boiling and becomes denser. 
Three molecules of CuHoj lose two molecules of OH2^ and leave 
3CuO,OH2(graphicformulaH— O— Cu— O— Cu— 0— Cu— 0— H). 
In the presence of many organic substances, such as grape sugar, 
etc., the precipitate dissolves to a deep blue solution, whence the 
whole of the copper is reprecipitated on boiling in the form of 
bright red cuprous oxide, CU2O. 

CONao2 produces a greenish-blue basic carbonate, of the com- 
position CO(OCu"Ho)'2, graphic formula = ^\r)~~^n^ n tt' 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of 3CuO,OH2. It is soluble in 
ammonic hydrate to an azure-blae and in potassic cyanide to a 
colourless fluid forming a soluble double cyanide. 

AmHo or C0Am02, when added in small quantities, produces a 
greenishMue precipitate of a basic salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure-blue liquid, — a 
blue which is perceptible, if a solution contains small traces of copper 
only. The blue solution contains a double compound of cuprammonic 
hydrate, N^2n6Cu"Ho2, and ammonic sulphate, or ammonio cupric 

sulphate, symbolic formula, SHo2Arao2 I -j^tt^CuO ]" , whence the 

black cupric oxide separates on boiling with sodic hydrate. 

This tendency of ammonia to combine vrith cupric hydrate and 
to form cuprammonic hydrate induces metallic copper to combine 
with oxygen even at the ordinary temperature, 

KCy gives a greenish-yellow precipitate of cupric cyanide, CuCy2, 
soluble in excess. SHj produces no precipitate from this solution. 
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KiFeCye gives a reddish-brown precipitate of caprlc ferrocyanlde, 

Ca2FeCy6, insoluble in dilute acids, decomposed by potassic or sodic 
hydrate, with separation of 3CuO,OH2. Even in very dilate solu- 
tions of copper salts a brownish colour is produced, — best seen when 
the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence KiFeCye supplies 
one of the most delicate reactions for copper salts. 

Metallic zinc or iron precipitates metallic copper, especially in the presence of 
a little free hydrochloric acid. If a few drops of a slightly acidulated dilute copper 
solution are placed on platinum foil (the lid of a platinum crucihle) , together 
with a small piece of sheet zinc, the platinum becomes rapidly coated with 9, 
reddish film of metallic copper, visible eyen in the case of very dilute solutions, 
an equivalent quantity of the metal zinc being dissolved. 

This simple eiqperiment requires some explanation.. Bright copper is not 
attacked by dilute hydrochloric or sulphuric acid. Metals such as Pb, Hg, Ag, 
Au, Pt are also indifferent to dilute hydrochloric or sulphuric acid, whilst zinc 
and iron are readily dissolved with evolution of hydrogen, the metals taking the 
place of the hydrogen in two molecules of hydrochloric acid. 

By the aid of voltaic electricity, however, metals may be dissolved in dilute 
hydrochloric or sulphuric acid, which are either not dissolved at all, such as 
copper, or dissolved only with difl^julty, such as the metal tin. This is done by 
connecting the positive pole of a voltaic battery with a piece of the metal to be 
dissolved, and the negative pole with a platinum wire^ ending in a piece of plati- 
num foil. Both electrodes dip into the dilute hydrochloric or sulphuric acid 
solutions. 

Connect the positive pole, a, with a piece of sheet copper or a coil of copper 
wire, placed in dilute sulphuric acid, contained in a glass basin, as seen in Fig. 6. 
The negative pole, 6, consisting of a platinum 
wire fiued to a strip of platinum foil, dips 
likewise into the dilute acid, without touching, 
however, the copper. The solution turns blue, 
owing to the formation of a blue cupric-salt, 

and the sheet of metallic copper or the copper _ 

wire dissolves after some time. Hydrogen is p^^ g 

evolved at the negative pole. 

This shows that the action of dilute acids upon copper which is nil at the 
ordinary temperature is very energetic when under the influence of voltaic elec- 
tricity. 

The reaction will be readily understood, if it be remembered what takes place 
when water is decomposed by voltaic electricity. Hydrogen is obtained at the 
negative and oxygen at the positive electrode^ because the latter consists likewise 
of platinum, a metal which has no affinity for oxygen. Hence both constituents 
of water, hydrogen and oxygen, are evolved at the respective poles. Now, if 
instead of water, hydrochloric acid be decomposed in like manner, chlorine is 
evolved at the positive electrode. If the positive electrode consists, however, of 
a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong affinity, the 
latter combines with these metals, the moment it is liberated on the positive 
electrode, or as it is termed in its nascent state {in statu nascendi) , and hydrogen 
alone is evolved at the negative pole. 

If in the place of hydrochloric or sulphuric a«id, a dilute solution of a 
metallic chloride or sulphate, e.g., cupric sulphate, SOaCuo", is used, and the two 
electrodes dipped into it, a red film or deposit of metallic copper is immediately 
observed at the negative (platinum) electrode, whilst at the positive electrode, 
consisting of metallic zinc, no evolution of gas is visible, since the zinc is acted 
upon by the acid liberated from the copper, and is converted thereby into 
BO^Zno . An equivalent quantity (65 parts by weight) of zinc remains dissolved 
in the acid for the 63"5 parts by weight of copper, precipitated on the platinum 
foil or crucible lid. In this manner the amount of copper present in a solution 

F 
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may be determined quantitatiyely. The undissolved zinc and zincic salt are 
removed and the platinum with its deposit of copper dried and weighed. Tlie 
total weight, minus the previous weight of the platinum, gives the weight of the 
metallic copper. 

It will be readily perceived that this and other similar experi- 
ments furnish valuable illustrations of the theory of constant com- 
bining weights, and they acquire on this account additional interest. 

Great interest attaches, moreover, to these chemical changes, on 
account of the important practical application which they have 
found, of late, in covering metals — mostly the common meta.ls — 
with a thin coating of noble metals (electroplating, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some plastic material, 
such as plaster of Paris, gutta-percha, &c. (electrotype process). 

Pass a voltaic current through a solution of cupric chloride, CuCla, by means 
of copper electrodes. No chlorine gas is evolved at the positive pole, for it is 
immediately again fixed by its dissolving an equivalent quantity of copper off the 
positive copper electrode. The movement of the molecules of chlorine and copper 
in the solution of cupric chloride cannot be perceived ; it is nevertheless proved by 
the decrease in weight of the positive copper electrode and the increase in weight 
of the negative copper electrode, and the inference from this is that the copper is 
transferred from the positive to the negative pole, although the change cannot be 
seen. The deposition of metaUic copper continues as long as the positive electrode 
lasts, and the saline solution in the decomposing vessel retains its original strength 
thus far unaltered. 

If a properly prepared mould or matrix of some object be hung in the metallic 
solution and connected with the negative pole of a voltaic battery, copper will be 
slowly but steadily deposited on the mould, as long as the positive pole is con- 
nected with a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately rest-ored to the bath by the dissolution 
of a fresh quantity of copper. This mode of depositing copper on moulds or 
matrices by the aid of voltaic electricity is termed the electrotype process. 

Employ a solution of argentic nitrate instead of the solution of cupric chloride, 
and introduce the two copper electrodes into the bath. The negative electrode is 
speedily covered with silver, and an equivalent quantity of copper, i.e., 63*5 parts 
by weight, is dissolved from the positive copper electrode, and 216 parts by 
weight of silver (2 x 108, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, there must ultimately be left a solution of cupric nitrate. This has 
found a practical appUcation in the silvering (electroplating) of artistic articles 
made of an inferior metal. 

Copper, like mercury, forms a lower or cuprous oxide, CU2O, in 
which two atoms of Cu are joined by one of their bonds, and are 
also linked to one atom of oxygen ; it is analogous in constitution 
to the important copper ore, CUaS, thus : — 

I'Hg'" X'GvL'^ VCu'*'- 

Mercurous oxide. Cuprous oxide Cuprous sulphide 

{red copper ore) . (copper glance) . 

Cuprous oxide is a feeble base; it forms with concentrated 
hydrochloric acid cuprous chloride, CU2CI2, which is colourless 
when pure. Other acids decompose it into metallic copper and 
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cnpric oxide, which latter remains dissolved in the acid as a cupric 
salt. Cuprous chloride attracts oxygen very rapidly, and is, there- 
fore, a powerful reducing agent. It is used for absorbing carbonic 
oxide. 

To A SOLUTION OF CUPROUS CHLORIDE, CU2CI2, in Concentrated 
hydrochloric acid, add 

OH2, a white precipitate of CU2CI2 is produced. 

KHo gives a yellow precipitate of cuprous hydrate, Ca2Ho2, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

KI, in the presence of SOH02, or S02Feo", precipitates from 
cupric salts greenish-white cuprous Iodide, CU2I2, soluble in excess. 
Both sulphurous acid and ferrous sulphate are reducing agents, 
which, by the absorption of oxygen from the cupric salts, are con- 
verted into SO2H02 and 8305^620^, thus : — 

(1) 2SO2CU0" + 2S02Feo" = SO2CU2O" + SaOaFeao^. 

Cupric Cuprous 

sulphate. sulphate. 

(2) SO2CU20" + 2KI = CU2T2 -h SO2K02. 

Cuprous 
iodide. 

QUESTIONS AND EXERCISES. 

1. How does copper occur in nature ? 

2. Express in symbolic equations the reactions of copper in the wet way. 

3. Write out the graphic formulae for malachite, copper glance^ azurite, and 

blue vitriol, atiimonio-cupric sulphate, cuprous iodide. 

4. Explain what takes place — 

1st. When copper is treated with concentrttted NO2H0. 
2nd. „ „ „ SO2U03. 

3ru. ,, ,, ,, 1101. 

Give equations. 

5. How much metallic zinc is required to precipitate 1*5 grm. of copper from 

a cupric solution ?. 

6. What is understood by nascent hydrogen ? 

7. What is the percentage of the metaUic copper in malachite ? 
8.. How is Cu separated from Ag, Pb, and Bi? 

9. What change takes place when metallic copper is heated in air ? 
10. How much hydrogen gas (at 0^ and 760 mm. pressure) is required to deprive 
10 grms. of iguited cupric oxide of its oxygen, and how much water will 
be obtained f 



5. CADMIUM, Cd". Atomic weight, 112.— This metal is found 
in nature, associated with zinc, in certain zinc ores, e.g., zinc blende, 
ZnS. It is of comparatively rare occurrence ; only one mineral of 
cadmium being known at present, viz., the extremely rare greenockite, 
GdS. It can be distilled like mercury or zinc. Being more 
volatile than metallic zinc, its vapour distils over first, and burns 
with a brown flame (hrown blaze) ^ i.e., it is converted into cadmio 
oxide. 

1^ 
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Cadminm dissolves readily in acids with evolntion of hydrogen. 
It also resembles the metal zinc in being dissolved by boiling 
potassic hydrate, hydrogen being given off — 

Cd + 2KHo = GdKo, + H,. 

EXAMINATION IN THE DRY WAT. 

Cadminm compounds, mixed with sodic carbonate, when heated 
on charcoal in the inner flame, give a characteristic brown incrusta- 
tion, t.e., they are readily reduced to the metallic state ; the metal 
being highly volatile, is reoxidized on its passage through the outer 
flame. Cadmium is recognized with more difficulty when it is in 
combination with zinc, as for instance in cadmiferoiAS blende. By 
heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide for a few moments only, on charcoal, a slight 
brown incrustation is generally obtainable, before the zinc is vola- 
tilized. Cadmic oxide turns the bead of borax or microcosmic salt 
yellowishy whilst hot, colourless when cold. 

REACTIONS IN THE WET WAT. 
A SOLUTION OF CADMIC CHLORIDE, CclCU, OR SULPHATE, SOgCdo", 

is employed. 

SH2 (flrroup-reaiireiit) gives from dilute solutions a fine yellow 
precipitate of cadmic sulplilfle, CdS, insoluble in alkaline sulphides, 
caustic alkalies, or potassic cyanide ; insoluble in cold, but soluble 
in hot dilute nitric and hydrochloric acids ; soluble also in dilute 
sulphuric acid. (Distinction from Copper.) 

Hence the separation of cadmium by means of SH3, especially from acid solu- 
tions, is frequently left either incomplete, or is not effected at all, in Group II, 
unless the precaution be taken of nearly neutralizing the free acid with ammonia, 
before passing SHj, as well as neutralizing the mineral acid as fast as it is libe- 
rated by the SH2. 

SAmj, same precipitate. 

KHo, a white precipitate of cadmic hydrate, CdHoa, insoluble in 
excess. 

AmHo, same precipitate, soluble in excess. 

GOAmo2 (free from AmHo) a white precipitate of cadmic car- 
bonate, COCdo", insoluble in excess. 

CONaoj, same precipitate. 

KCy gives a white precipitate of cadmic cyanide, CdCy2, soluble 
in excess. Sulphuretted hydrogen precipitates from this solution 
CdS. (Distinction from Copper.) 

Metallic zinc precipitates cadmium from its solutions. 

QUESTIONS AND EXERCISES. 

1. Describe three methods of separation of Cd from Cu. 

2. How is Cd separated^from Pb, Ag, Bi, and Zn ? 

3. How much cadmic sulphide can be prepared from 10 grms. of crystallized 

cadmic sulphate, SOoCdo", 4OH2? 
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4. What takes place when greenockite is roasted in a glass tube open at both 

ends? 

5. How is the metal cadmium converted 1st into oxide, 2nd into chloride, 3rd 

into sulphate ? 

6. How can we extract cadmium from its oxide or sulphide ? 

Separation op the metals of Subdivision A, Group IF,* viz., 

MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, WHOSE SULPHIDES ARE 
INSOLUBLE IN AMMONIC SULPHIDE OR SODIC HYDRATE. 

The precipitate produced by the group-reagent SH2, which is 
insoluble in amnionic sulphide or sodic hydrate, may consist of all 
the five sulphides, or only of one, two, etc. A precipitate of a bright 
yellow colour, e.^., would be indicative of cadmic sulphide only. If 
the precipitate be black, it is necessary to examine for all the five 
metals. 

It has already been seen that the sulphides of the metals of this 
subdivision are — 

1st. Insoluble in alkalies and alkaline sulphides, and 

2nd. Insoluble in dilute acids, or nearly so ; but soluble in con- 
centrated acids. 

Concentrated nitric acid (free from chlorine), diluted with its 
own bulk of water, dissolves four out of the five sulphides, viz., PbS, 
31283, GuS, and CdS, with separation of sulphur ; mercuric sulphide 
being soluble only in aqua regia. Hence by boiling with mode- 
rately concentrated nitric acid (in the absence of HCl) mercury 
may be separated from the other metals of subdivision A. Con- 
centrated nitric acid converts PbS partially into S02Pbo'', by the 
simultaneous oxidation of the sulphar, HgS would be, therefore, 
found in the residue, as well as SOiPbo" and S. But as the whole 
of the PbS can be converted into S02Pbo" only by boiling with 
fuming nitric acid, and as SOjPbo" is slightly soluble in concen- 
trated nitric acid, the lead would not be entirely removed as sul- 
phate. This difficulty is overcome by boiling the whole of the 
sulphides with moderately concentrated nitric acid, then diluting 
with water and adding dilute sulphuric acid (S02Pbo" being less 
soluble in dilute sulphuric acid than in water), and, lastly, when 
cold, adding to the solution its own bulk of alcohol (methylated 
spirit). A residue is left which may be white, indicative of the 
presence of S02Pbo", or black, from the presence of HgS and sul- 
phur. The solution contains the metals Bi, Cu, Cd. 

Examination op the Residue. — S02Pbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating the 
residue, therefore, with a concentrated solution of ammonic acetate, 
the S02Pbo" is dissolved out. The absence of mercury compounds 
may be inferred, if no black but only a yellow residue of sulphur, 
is left, and if no mercury has been indicated by the reactions in the 
dry way. The presence of both lead and mercury should, however, 

* The student may, with advantage, tabulate the reactions produced bj the 
principal reagents employed in Qroup II, according to the scheme given on 
page 50. 
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invariably be confirmed by special tests ; viz., the lead by means of 
Cr02Ko2, and the mercnry, by heating the dry residue in a bulb 
tube with dry sodic carbonate. 

Examination of the Solution. — It has been seen that An\Ho 
precipitates BiHoa, which is insoluble in excess, whilst CUH02 and 
CdHo2 are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, the inference is 
that bismuth is present. (Shonld the lead not have been removed 
entirely, some PbHo2 would be likewise precipitated.) The pre- 
cipitate is filtered off and well washed, then redissolved in a little 
hydrochloric acid, and precipitated by the addition of water. The 
ammoniacal filtrate is of a fine azure-blue colonr, when copper — 
even in small quantities — is present. If colourless, and if, by the 
addition of SH2 a fine yellow precipitate comes down, the inference 
is that no copper is present, but only cadmium. If a black preci- 
pitate comes down, on passing the gas through the slightly acidu- 
lated (HCl) solution, the presence of copper and possibly of 
cadmium is indicated. These two metals can be separated either 
by means of KCy (CdS being insoluble in potassic cyanide), or 
dilute sulphuric acid (CuS being insoluble in hot dilute snlphuric 
acid). Filter again ; in the one case copper is left in solution, in 
the other cadmium. It is not difficult to identify these two metals 
by special tests. 

The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon : — 

1st. The insoluhUity of HgS m nitric acid. 

2nd. The formation of S02Pbo", arid its solubility in amnionic 
acetate. 

3rd. The insolubility of BiHos in excess of ammonic hydrate. 

4th. The insolubility of CuS in dilute sulphuric acid, or its solu- 
bility in potassic cyanide. 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 



PRACTICAL EXERCISES AND QUESTIONS ON GROUP II, SUB- 
DIVISION A, AND THE PREVIOUS GROUPS. 

1. A sample of galena^ to be analyzed in the dry way only. 

2. A hydrochloride acid solution, containing much mercuric and little plumbic 

chloride. 

3. A mixture of the solid salts, blue vitriol, corrosive sublimate, and white 

vitriol, in the dry and wet way. 

4. A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and 

wet way. 

5. A solution containing much baric chloride and little plumbic chloride. 

6. A solution containing cupric, ferrous, and zincic sulphates. 

7. A solution of cupric, cadmic, and zincic sulphates, containing '500 grm. of 

Cu, -020 grm. of Cd, and '500 grm. of Zn. 

8. An alloy of zinc and copper (brass). 

9. A solution of mercuric, plumbic, and bismuthous nitrates, containing '050 

grm. of Hg, -500 grm. of Pb, and -lOO grm. of Bi. 
10. A sample of copper glance^ in the dry way only. 



TIN. 71 

11. A sample of malachite j in the dry way. 

12. A solution of plumbic and bismuthous nitrates (to be distinguished by means 

of CrOaKoj and NaHo) . 

13. A solution of plumbic and cupric nitrates. 

14. What takes place when an ore, containing FbS, CdS, and ZnS, is roasted in 

a current of air ? 

15. You have given to you a solution of cupric sulphate^ dipotassic tartrate, sodic 

hydrate, and grape sugar : what changes can you produce with these 
materials ? 

Group II. Subdivision B. 

I. TIN, Sn" and *^, atomic weight, 118. — This metal is found 
in njbture mainly in the form of tinstone or cassiterite, S11O2, some- 
times combined with sulphni*, as tin pyrites, SnS? (bell-metal ore). 

EXAMINATION IN THE DRY WAY. 

When tin minerals are fused on charcoal, with CONaoj and 
KCy, in a strongly reducing flame, they yield small globules of tin 
which are malleable, and the charcoal becomes covered with a white 
coating of Sll02. If this white incrustation be treated with a solu- 
tion of cobaltous nitrate, and strongly heated, it assumes a bluish- 
green colour, which is characteristic of tin. Insoluble stannic oxide, 
SnO^, or the native oxide, may also be f ased with caustic potash in 
a silver crucible, and thus converted into potassic stannate, soluble 
in water ; or it may be rendered soluble by fusion on charcoal with 
3 parts of CONaOi and 3 of sulphur, when sodic sulphostannate is 
formed, which is soluble in water, but is decomposed and precipi- 
tated as SnSs by means of hydrochloric acid. 

By introducing into a borax bead — in which sufficient cupric oxide has been 
diffused to render the bead faintly blue — traces of a tin compound and heating 
in the reducing flame, the bead turns reddish-brown or fonns a ruby-red glass. 

EXAMINATION IN THE WET WAY. 

Tinstone being insoluble in acids, must be fused with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited Bochelle salt), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of SnCU, readily in aqua regia with for- 
mation of S11CI4. Nitric acid converts tin into metastannic acid, 
SHsOsHoio, which by evaporation and ignition is converted into 
Sn02. 

Tin is capable of combining either with two or four atoms of 
chlorine, etc. In stannous chloride, SnCU, the metal exists as a 
dyad, and in stannic chloride, SnCU, as a tetrad element. It is 
capable of forming tivo series of salts, of oxides, sulphides, etc., viz. : — 

Stannous compounds. Stannic compounds. 

Sn"Cl2 Stannous chloride. Sn^^Cl^ Stannic chloride. 

Sxi"0 „ oxide. Sn'^Oo „ oxide (anhydride). 

SOgSno" „ sulphate. Sn^^^S^ „ sulphide. 

--Q^Sno" „ nitrate. 

Sn'^S „ sulphide. 
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Stannic acid, SnOHo2, combines not only with the strong alkali 
bases, OK^, ON'a2, but even with stannous oxide, SnO, to form 
stannates, e.g., SnOKoa, dipotassic stannate, SnOSno'^, stannous 
stannate. Finely divided tin acts, therefore, like Zn and Cd, upon 
a strong boiling solution of caustic potash or soda, with evolution 
of hydrogen and formation of potassic or sodic stannate. 

A. stannous eompounds. — A SOLUTION OF STANNOUS CHLORIDE, 
SnCl2, is employed. 

SH2 (grroup-reasent) gives a dark brown precipitate of stannous 
sulphide, SnS, insoluble m ammonia ; nearly insoluble in normal 
ammonic sulphide, but readily dissolved in the presence of sulphur 
or by the yellow sulphide : from this latter solution it is reprecipi- 
tated as yellow stannic sulphide, SnS2, on the addition of hydro- 
chloric acid ; it is also soluble in potassic or sodic hydrate, from 
which hydrochloric acid precipitates SnS unchanged. Soluble in 
boiling hydrochloric acid. 

SAm2 gives the same precipitate. Soluble in excess. 

KHo or NaHo gives a white bulky precipitate of stannous 

JJI_. TT 

hydrate, 2SnO,OH2, or « tt 0, readily soluble in excess to S11K02 

(dipotassic irtannite.) 

AmHo or COAmoj, same precipitate, insoluble in excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to became converted into stannic 
salts. ''S11CI2 combines with two more atoms of chlorine to become 
converted into 'SnCli, whereby the chemical affinities of tin for 
chlorine become satisfied ; asnd stannous compounds may be viewed 
as unsatisfied bodies, which can deprive certain other bodies of 
chlorine, oxygen, etc. Expressed graphically, dyad tin (or stannosunny 
as it is sometimes called) has two bonds left unsatisfied or latent, 



thus : — CI — Sn — CI, whilst in tetrad tin (stannicum) all the bonds 

I 

CI 



are satisfied, thus : — CI — Sn — CI, or 0=Sn=0. 



CI 

HgO] add^ to a solution of SnClj, produces first a white precipitate of 
mercurous chloride, Hg'2Cl2, and when boiled with excess of SnClg, yields a 
greyish powder of metallic mercury. 

N02Ago giyes with excess of SnCl2 a finely divided black precipitate of 
metallic silver — 

2SnCl2 + 2N02Ago = Agj + ^Q^Sno" + SnCl4. 

OuOlj is reduced by SnCls to cnprous chloride, C112CI2, with formation of 
SX1CI4. 

FejCls yields two atoms of chlorine to S]iCl2, forming SnCl4, and learing two 
molecules of PeClo. The yellowish solution turns green, or colourless. 

AuCls gives with SnClj a purple precipitate {purple of caaHus), to which 
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the formula SnOAa2o'' + SnOSno'' + 4Aq (sometimes Tiowed also as Au^ -i- 
SSnOj), has been assigned. The change may be expressed thus : — 

2Aua8 + SSnClj + 6OH2 = Auj + SSnOj + 12HC1. 

This is a most delicate reaction, 

B. Stannic componnds. — A SOLUTION OF STANNIC GHLOUIDE, SnCli, 
is employed in studying the reactions of Sn*^ in the wet way. 

SH2 (grroup-reasent) gives a yellow precipitate of stannic sul- 
phide, SnS2, readily soluble in ali^line sulphides^ potassic hydrate, 
boiKng concentrated hydrochloric acid, and aqua regia; soluble, 
although somewhat difficultly, in ammonic hydrate (Distinction 
FEOM SnS), and nearly insoluble in ammonic (sesqui-) carbonate. 

SAm2, same precipitate, soluble in excess. 

KHo or NaHo produces a vjhite precipitate of stannic bydrate, 
8llOno2, or stannic acid, which is completely soluble in excess, 
forming dipotassic or disodic stannate, soluble in hydrochloric acid. 

AmHo precipitates likewise the hydrate ; excess redissolves it 
but slightly. Tartaric acid prevents the precipitation. 

COAmo2 or CONao2 precipitates white stannic acid, SnOHo2, 
soluble in caustic alkalies. 

Stannic chloride furnishes an interesting process of precipita- 
tion, viz., by means of neutral salts, such as sodic sulphate, am- 
monic nitrate (in fact, most neutral salts). Metastannic acid 
(SHftOftHoio) is precipitated on heating, provided the solution of 
stannic chloride be not too acid, thus : — 

5SnCl4 + 20SO2Nao2 + I5OH3 = SiijOsHoio + 20NaCl 

+ 20SO2HoNao. 

5SnCU + 20NO2Amo + ISOH, = SnsOsHoio + 20AmCl 

+ 2ONO2H0. 

Metallic zinc precipitates from acid solutions of stannous or 
stannic chloride metallic till in the form of grey laminsB, or of a 
spongy mass which can be readily dissolved in hydrochloric acid, 
especially by the aid of a piece of platinum foil. Metallic iron pro- 
duces no precipitate. 

Metallic tin or copper reduces stannic to stannous chloride, 
thus : — 

SnCli + Sn = 2SnCl,. 

A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing rapidly to 
stannic chloride, as well as insoluble stannous oxy chloride, Sil20Cl2, 
on account of the great attraction which stannous salts possess for 
oxygen, thus : — 

(1) 2SnCl2 + = S1I2OCI2 -f CI2. 

(2) SnCla + CI2 = SnCU. 

Hence granulated metallic tin or pure tinfoil is usually put 
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into stannons solutions in order to prevent the formation of a bulky 
white precipitate of stannous oxychloride. 

QUESTIONS AND EXERCISES. 

1. How do you detect a stannic salt in the presence of a stannous salt ? 

2. Qiye the constitutional and graphic formul® for metastannic and stannic 

acids, stannous and stannic chlorides, and stannous oxychloride. 

3. Explain the action of chlorine, nitric acid, and air upon stannous salts. 

4. How would you analyse an alloy consisting of Pb, Cu, Bi, Sn ? 

5. A tinstone yielded on analysis 77*5 per cent, of metallic tin j how much Sn02 

did it contain ? 

6. How much chlcrino gas by weight and by volume (at 0° and 760 mm.) will be 

absorbed by 10 grms. oi SnCl2 ? 



2. ANTIMONY, Sb'" and \ Atomic weight 122.— This 
metal is found native; also in combination with oxygen as white 
antimony, SbaOs, but more frequently as sulphide, Sb2S3 (grey anti- 
mcmy), and in combination with other metallic sulphides (Ag2S, 
PbS, 'Cu'sS), as sulphantimonite and sulphantimonate. 

EXAMINATION IN THE DRY WAY. 

On heating metallic antimony or an antimony mineral, e.g., grey 
antimony, with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given off, which condense on the colder part 
of the charcoal or glass tube, thus : — 

Sb,S3 + 90 = Sb203 -f 3S0a 

Sublimed. 

r 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
CONaOj and KCy. A brittle globule of metallic antimony is 
obtained, giving off dense white fumes of SbaOs (even after the 
withdrawal of the metal from the flame), which thickly incrust the 
metallic globule with a network of brilliant acicular crystals. 

EXAMINATION IN THE WET WAY. 

Chlorine attacks antimony violently, forming with it SbCls or 
SbCls, according to the proportions of chlorine employed, and 
according to the temperature at which the combination takes place. 
Hydrochloric acid has scarcely any action upon the metal ; aqua 
regia dissolves it readily to SbCls. Nitric acid converts it into a 
compound containing SbjOs and Sb209, insoluble in nitric acid, 
soluble in tartaric acid. Grey antimony, Sb2S3, as well as SbjSj, 
dissolve in concentrated hydrochloric acid with evolution of sulphu- 
retted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two series of compounds by combining either with three or 
five atoms of chlorine, etc., viz. : — 
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Antimonious compounds. Antimonic compounds. 

Sb'^Clg, Antimonious cliloride. Sb^Cls, Antimonic chloride. 

Sb'"203, „ oxide. Sb^205, „ oxide. 

SV'aSs, „ sulphide. Sb^2S6, „ sulphide. 

SVOHo, Metantimonious acid. Sb^OoHo, Metantimonic acid.* 

Both these acids can enter into combination with strong bases, such as potassa, 
or soda, to form weak salts, — metantimonites and metantimouates, Tiz. : — 

SVOKo, Potassic metantimonite. 
Sb^O^Ko, Potassie metantimonate. 
Sb^02Nao, Sodic metantimonate. 

Sb^02(Sb'"02)', antimonylic metantimonate, or -< 'g-hivo^* diantimonic te- 

troxide, is formed when antimonic oxide (obtained by dissolying antimony in 
nitric acid) is ignited. This compound is of some importance, as it serves for the 
quantitative estimation of antimony. 

A. Antlmenlous compouncl§. — A SOLUTION OF ANTIMONIOUS CHLO- 
KIDE, SbaCla, is employed for the reactions in the wet way. 

SH2 (grroup-reagrent) gives an orange-red precipitate of hydrated 
antimonious sulphide, SbjSs, soluble in alkaline sulphides and in 
potassic or sodic hydrate ; reprecipitated bj hydrochloric acid ; 
slightly soluble in amnionic hydrate, all but insoluble in hydric 
ammonic carbonate and in hydric ammonic or hydric potassic sul- 
phides. It dissolves in boiling concentrated hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal effects. In 
a dilute hydrocliloric acid solution the SbCls exchanges its chlorine in the cold 
for sulphur, with precipitation of SbgSa, whilst boiling concentrated hydrocliloric 
acid dissolves Sb-jSa readily with eyolution of SH2. 

SAm2 produces the same precipitate as SH^, soluble in excess. 

KHo or NaHo precipitate antimonious oxide, Sb203, readily 
soluble in excess, with formation of potassic antimonite. 

AmHo, same precipitate, almost insoluble in excess. 

COAmo2, COK02, or CONao2, same precipitate. 

OH2, decomposes SbCla, forming a white insoluble basic salty 
antimonious oxyctiiorlde, SbOCl, soluble in tartaric a<;id. (Dis- 
tinction FROM BiSMUTHOUS OXYCHLORIDE, BiOCl). "Water, therefore, 
gives no precipitate with a solution of potassic antimonylic tartrate 

rC0(Sb'"02)' 

1 CHTTo 
(tartar emetic) < q-cttt ; aiid alkalis and alkaline carbonates 

[cOKo 
produce a partial precipitation only after some time. 

Metallic Zn, Cu, Cd, Fe, Co, Sn, and Pb precipitate tbe metal 
in the absence of free nitric acid as a black powder. 

An exceedingly delicate reaction for antimony consists in preci- 
pitating the metal from a dilute hydrochloric acid solution on 
platinum foil or on the lid of a platinum crucible, by means of a 
small strip of metallic zinc. H and SbHs (antimoniefcted hydro- 

• Orthantimonic acid, SbOHoa, and pyrantimonic acid, Sb203Ho4 (said to be 
formed when antimonic chloride is decomposed by water), are Uttle known. 
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gen) are evolved, and tlie platinum is stained brown or black by 
the deposited metal. Mere traces of antimony can thus be dis- 
covered. The stain is not affected by hot dilate hydrochloric acid, 
but disappears on heating with nitric acid. (Tin gives no black 
stain on platinum). It is precipitated by zinc, and is readily soluble 
in hot dilute hydrochloric acid. 

Compounds contaiTiiiig triad antimonj exhibit a tendency (less marked, how- 
ever, than in stannous compounds) to combine with more chlorine, etc., and to 
pass into pentad or antimonic compounds. Expressed graphically — 

CI 

^hlorSfe ^^ ^^^Sb/ ^® ^*^ ^^^^^ ^®^ unsatisfied or latent, whilst pentad 

a/ \ 

antimony in Sb^^Cls or Sb''0Cl3 (oxy-trichlooride), has all its bonds satisfied, 
thus : — 

... • m \ rti Antimonic n 

Antimomc CL .CI oiv-tri- H 

chloride. ^>sb<^^ ^^;^-^ a-sb-a 

CI 

The following are some of the reactions naturally arising from this condition 
of antimonious compounds : — 

When a current of chlorine gas is passed oyer solid SbCl^, a molecule of 
chlorine is absorbed, and the chloride liquefies, thus : — 

SbQs + CI2 =« SbClfi. 

Solid Liquid 

antimonious antimonic 

chloride. chloride, 

Sodic metantimonite, SbONao, is oxidized, in the presence of sodic hydrate, by 
free iodine, with formation of sodic metantimonate, SbOgNao, and Nal, thus : — 

SbONao + I2 + 2N'aHo - SbOgNao + 2NaI + OHa. 

A hydrochloric acid solution of SbCls reduces AUCI3 to metallic gold 
(frequently with separation of SbO^Ho), thus : — 

3SbCl3 -f 2AuCl3 = SSbClg -I- Auj. 

Sodic metantimonite is toxidized in an alkaline solution by ai^ntio oxide, 
0Ag2> to sodic metantimonate, argentous oxide, 0Ag4, being formed, which 
is insoluble in ammonic hydrate, OAgj, being readily soluble. (Distinction 

BETWEEN Sb203 AND SbiOj.) 

The several reactions may be expressed as fcdlows : — 

(1) SbCls + 4]SraHo = SbONao + 3NaCl + 20H2. 

Sodic 
metantimonite. 

(2) 2N02Ago + 2NaHo - OAgj + 2N02Nao + OH2. 

Ai;gentic oxide 

(insoluble in NaHo, 

soluble in AmHo). 

(3). SbONao + 20Ag2 = SbOjNao + OAg^. 

Black argentous 

oxide, insoluble 

in AmHo. 
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SSONaO} (sodlc hyposalphlte) reduces antimonious compounds to metallic 
antimonj, which combines with sulphur and forms SbsSj, thus : — 

dSSONaoj + SbsOs » Sb^Ss + SSOsNao,. 

B. ABttmonle componnds. — A solution of potabsio metantimonate, 
SbOsKo, may conveniently be employed for studying the reactions in the wet 
way. 

This salt is prepared by fusing metantimonic acid, SbOjHo, with a large 
excess of KHo, in a silver crucible, and dissolving the mass in cold water. Fused 
with caustic soda, a sodic metantimonate is obtained, which is insoluble in 
water. * 

SbOsKo is readily decomposed by concentrated acids (hydrochloric or nitric), 
metantimonic acid being precipitated. 

SH, gives from a s(^'ation of SbOsHo in excess of hydrochloric acid, an 
orange precipitate of antimonic sulphide, SbaSg, mixed with Sb2S3 and S j soluble 
in alkaline sulphides, readily soluble in ammonic or potassic hydrate; also 
soluble in boiling concentrated hydrochloric acid, with evolution of SHj and 
deposition of S ; only very sparingly soluble in cold hydric ammonic carbonate. 

SAmj, same precipitate, soluble in excess. 

SOjFeo'' does not reduce antimonic compounds. 

NOjAgo, added to an alkaline solution of SbOaEo, yields, for obvious reasons, 
only 0Ag2, readily soluble in ammonic hydrate. 

Antimonic compoundSf like stannic salts, can, under certain conditions^ also 
act at oxidizing agents^ e.g. : — 

On igniting antimonic anhydride, it splits up into Sb.j04 and oxygen. 

SnClj precipitates SbOHo from a hydrochloric acid solution of SbOjHo, 
the SnCl2 being converted into SnCl4. 

On boiling a solution of SbO^Ho in hydrochloric acid with potassic iodide, 
iodine is liberated, colouring the solution brown. (SbOls is in fact frequently 
employed for the purpose of conveying chlorine to other bodies, both mineral and 
organic.) Iodine is set free, because SbCls, on being heated, together with 2KI, 
forms SbCls + I2 + 2KC1. The liberated iodine is readily recognized by means 
of starch paste, when the highly delicate and characteristic blue iodide qi starcli 
reaction is obtained. (Distinction between antimonious and antimonic 
compounds.) 

QUESTIONS AND EXERCISES. 

1. How is antimonious chloride prepared? What change does it imdergo 

when water is added to it ? 

2. By what characteristic reaction can antimony compounds be recognized when 

examined in the dry way ? 

3. How can you distinguish between antimonious and antimonic compounds ? 

4. What evidence have we to show the triad and pentad nature of Sb ? 

5. Q-ive illustrations of the reducing action of antimonious compounds, e.g.^ 

antimonious chloride. 

6. State how you would separate Sb from Sn, in the wet way. 

7. How can Sb be separated from Bi ? 

8. Express by symbolic equations the reactions for antimony in the wet way. 

9. 1 grm. of a sample of greg antimony yielded on analysis '854 grm. of Sb204 ; 

what percentage of antimony does the ore contain ? 

10. How much chlorine by weight and by volume (at 0® C. and 760 mm.) is re- 

quired to convert 10 grms. of SbCls into SbCls ? 

11. How much oxygen gas by weight and by volume (at 0° C. and 760 mm.) can 

be obtained by igniting 5 grms. of SbsO^ ? 

3. ARSENIC, As'" and ^. Atomic weight, 75.— This body 
constitates one of the most widely diffused elements in nature. It 
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is found native, but exists most frequently in combination witb snl- 

r AsS" 
phnr as realgar, < AgO''> or diarsenious disnlpbide, and as orpitnent, 

ASaS'^s, or arsenions sulpbide (sulpharsenions anhydride) ; in com- 

f'As' 
bination with metals it exists in arsenical nickel, < r/ a g/N*i, copper 

{'As"Ni . . r "As' 

'As"N'' ^^^ ^^ smaltine, < " As'^^* -^^^^^<^ ^^^^ in some 

of these mineral bodies more like a metalloid than a metal. Metallic 
arsenides are frequently found in combination with metallic snl- 
phides, such as the sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the 

common mineral mispickel, or arsenical pyrites, < f, . ,Fe",Fe*^S2, i 

r "j^s' 
nickel glance or grey nickel ore, < „ i^ /Ni',Ni*^S2, and in cobalt gla 

1 "Aa'^^ '^^*^^*' Arsenic occurs also in the form of metallic 

arsenates, such as calcic, magnesic, nickelous, cobaltous, plumbic 
arsenates ; for example, in the mineral pharmacolite, ASeOsCao^a, 
6OH2 (calcic pyrarsenate), in nickel ochre, As202Nio"3,90H2, in 
cobalt bloom^ As20aCoo"3,80H2, and in mimetesite, 3(As202Pbo"3), 
PbCl2. 

Traces of arsenic are almost invariably found in commercial sulphur, iron, 
copper, tin, and antimony. On account of the solubility of its oxides, arsenic is 
sometimes found in mineral springs and in the ochreous deposits from mineral 
waters. 

EXAMINATION IN THE DRY WAY. 

Arsenic can be completely volatilized. When heated in contact 
with air, either on charcoal or in an open tube, it burns and forms 
arsenious anhydride, AS2O3, giving ofE at the same time a peculiar 
and most characteristic garlic odour. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassic 
cyanide, whether the arsenic be present as arsenite or arsenate. The 
blowpipe experiments should be performed with great precaution, 
since arsenical fumes are poisonous. The reaction being so very 
delicate, small quantities only of the substance should be operated 
upon. 

When arsenical compounds 
are heated in a bulb-tube, Fig. 
7, a, mixed with a proper re- 
ducing agent (such as sodic car- 
bonate and charcoal powder or 
black-flux), metallic arsenic sub- 
Umes and is deposited in the 
shape of a lustrous steel grey 
mirror, h, in the upper part .of 
^'°- 7- the tube. 

• 

EXAMINATION IN THE WET WAY, 

Chlorine attacks arsenic violently, forming a highly poisonous 
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liquid, arsenions chloride, AsCIa. Hydrochloric acid does not act 
upon arsenic ; nitric acid oxidizes it to arsenions and arsenic acids, 
according to the concentration of the acid. 

Arsenic forms two oxides^ sulphides, etc., and too well characterized 
series of salts, arsenites and arsenates. 



A. Arsenions componnds. — A SOLUTION OF ARSENIOUS anhydride, 
ASjOs, in dilute hydrochloric acid, or an aqueous solution of an 
ARSENITE, AsKo3 (tripotassic arsenite), may be used. 

SHj (nrroup-reairent) produces in an acid solution of AS2O3, 
especially on gently heating, a lemon-yellow precipitate of arsenions 
snlphlde, AS2S3, readily soluble in caustic alkalies, in alkaline car- 
bonates and sulphides, forming alkaline arsenites and sulphar- 
senites ; it is repreci pita ted from any of these solutions on the 
addition of dilute hydrochloric or nitric acid. It is nearly insoluble 
in concentrated hydrochloric acid, even on boiling ; but soluble in 
nitric acid. On digesting freshly precipitated arsenions sulphide 
in a solution of hydric potassic sulphite, SOHoKo, and excess of 
sulphurous acid, the yellow precipitate is dissolved, and the solution 
contains potassic metarsenite and potassic hyposulphite, after driving 
off the excess of sulphurous acid by evaporation, thus : — 

2AS2S3 + I6SOH0K0 = 4AsOKo + 6SSOK02 + S3 + 7SO2 

+ 8OH2. 

SAm2, same precipitate soluble in excess. 

NOaAgo produces from a solution of a neutral arsenite, or from 
a solution of AS2O3 in water, rendered neutral by cautiously add- 
ing amnionic hydrate, a yellow precipitate of trlarirentlc arsenite, 
AsAgOs, readily soluble in ammonic hydrate, ammonic chloride, 
or nitric acid. The ammoniacal solution of AsAgOs and OAgo is 
decomposed on boiling, with separation of metallic silver anU for- 
mation of triarirentic arsenate, AsOAgOs, thus : — 

AsAgos + OAg2 = AsOAgo3 + Ag2. 

Soluble in Soluble in Soluble in Black 
AmHo. AmHo. AmHo. precipitate. 

SOsCuo" produces a characteristic yellowish-green precipitate of hydric 
cnpric arsenite, AsHoCuo" {Scheele's green) ^ from a solution of tripotassic 
arsenite, readily soluble in ammonic hydrate, ammonic chloride, or nitric acid. 

fiKDjMgo" gives no precipitate in the presence of free ammonic hydrate and 
ammonic chloride. 

HeinscVs test. — Arsenic is precipitated on a strip of clean metallic 
copper, immersed in a hydrochloric acid solution of AS2O3, in the 
form of a grey film of AS2CU5, from highly dilute solutions, espe- 
cially on heating. The film peels off in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especially as antimony is also precipitated 
by metallic copper under similar conditions. 
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Arsenions compounds exert a powerful reducing action, when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic com- 
pounds, containing two unsatisfied bonds, give rise to numerous 
interesting reactions, thus : — 

A11CI3 (auric chloride) produces from an acid solution of As^O^ a preci- 
pitate of metallic gold, and the reaction is so accurate that the amount of 
arsenic can be determined quantitatively from the weight of the precipitated 
gold. 

Two atoms of Au (2 x 196*7) ^ three atoms of As (8 x 75). 

4AtiC13 + 3AS2O3 -f I5OH2 •= 6AJ1OH03 + Aui + 12HC1. 

Chlorine water, or compounds capable of yielding chlorine, sueh as a solution 
of bleaching powder, or of sodic hypochlorite, ClNao (Sau de JaveUe), oxidize 
AB3O3 rapidly, thus : — 

AsaOs + 2CI2 + 5OH2 = 2A8OH03 + 4HC1. 

Iodine, dissolved in a solution of potassic iodide, likewise converts a solution 
of AJI2O3, dissolved in excess of hjdric sodic carbonate, into Am-jO^ with forma- 
tion of an alkaline iodide, thus : — 

AsHoNaoj + 2COHoNao + 15 = AsOHoNaoj + 2NaI + OH2 + 2CO2. 

Chlorine, iodine, and bromine act as oxidizing agent-s by decomposing water 
or a metallic oxide. They form, with the hydrogen, HCl, HI, HBr, or with a 
metal the con'csponding haloid salt, and the oxygen is transferred to the 
A82O3. 

The oxidizing action of 0Ag2 upon AsAgo^ in an ommoniacal solution has 
already been noticed. 

An analogous change is produced by cupric oxide in the presence of potassic 
hydrate. On adding to a strongly alkaline solution of tripotassic arsenite a few 
drops of cupric sulphate, and applying a gentle heat, the blue solution deposits a 
red precipitate of cuprous oxide, CU2O, and leaves tripotassic arsenate, AsOKos, 
in solution. Distinction betwbbn AbjOs and AjijOj.) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (ehromates) and manganese (manganates and permanga- 
nates), has already been described, pages 30 and 44. 

B, Arsenic Compounds. — An AQUEOUS SOLUTION OF tbipotassic 
ARSENATE, AsOKos, is employed. 

SH2 gives scarcely any precipitate from an acidulated solution 
of AbOKos, until the solution is heated, and a current of gas passed 
through for some time. It is difficult to effect complete precipitation 
even then. The precipitate consists of arsenious sulphide and sulphur. 
It is preferable to reduce the ASjOs first to ASsOs, by a more power- 
ful reducing agent than SHj for example, by sulphurous acid, or 
an acid sulphite, such as SOHoKo or SOHoAmo — 

AsOKos + SOH02 = AsKoa + SO2H02, 

whence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

N02Ago gives a reddish-hrmon precipitate of trlarsentlc arsenate, 
AsOAgOs, soluble in ammonic hydrate and in nitric acid. 



({ 



REDUCTION OP ARSENICAL COMPOUNDS, ETC. 81 

SOjCuo'' produces a pale greenish-hlue precipitate of hydrlc cnprie 
arsenate, AsOHoCuo'^ soluble in ammonic hydrate and nitric acid. 

S02Mgo'^ in the presence of amnionic chloride and ammonic 
hydrate, gives a white orystalline precipitate of annnanle mairneBic 
arsenate, AflOAmoMgo" (distinction of AsjOs from ASjOa), 

Fe^Clg gives a yellowish'whUe precipitate of ferric arsenate, Am202Ye^^^. 

^Q^ UPbo'' (plumbic acetate) gives a wkite precipitate of trlplumble 

arsenate, ABsOaPbo'^s. 

MOsAmoj (amnionic molybdate) dissolved in nitric acid, gives a yellofo 
precipitate of arsenlo-ammonlc molybdate. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of ASjOs ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of AS3CU5, is obtained (distinction 

BETWEEN ASjOa AND jfLSjOft). 

Arsenic as well as arsenious compounds are cofpable of oxidizing 
other bodies, and become tJiemselves reduced either to a lower oxide 
(sulphide), or to the metallic state^ 

Sulphurous acid reduces arsenic to arsenious acid. 

SSONaOa (sodlc iiyposalpiilte) deprives arsenious acid of its oxygen, and 
converts it into As^Sa, thus : — 

2A«Ho3 + SSSONaoj - Aa^Sj + aSOsNaoj + 3OH2. 

Ca/rbon reduces both Oxides of Arsenic to Metallic Arsenic. — A 
fragment of arsenious anhydride {white arsenic) is placed in the 
pointed end, a, of a hard glass tube drawn out before the blowpipe, 
as seen in Fig. 8. A 
splinter of well iguited 
charcoal is next placed 
in the narrow part of 
the tube at 6, somewhat 
above the fragment of 
the arsenical compound. 
This charcoal is heated 
over a gas flame or the 
flame of a spirit lamp. 
When the charcoal is 
well ignited a second ______ 

flame is applied to the fio. 8. 

lower end of the tube 

in order to volatiKze the arsenical compound, the vapour of which, 

on passing over the glowing charcoal, is deprived of its oxygen, 

and metallic arsenic is deposited in the form of a shining black 

mirror on the inside of the tube, above the charcoal at c. The 

reaction takes place according to the equation : — 

2AS2O3 + 3C = AS4 + 3CO2. 

This test is very delicate. - Arsenic, in the form of an arsenite 
or arsenate, is liberated by mixing perfectly dry charcoal powder, or 
black-flux, with the dry substance, previous to its introduction into 

G 
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the drawn out portion of the tube, which for this purpose has a 
small bulb blown at its lower end. The sublimation of metallic 
arsenic is accompanied by the characteristic garlic odour, 

KCj reduces arsenical compounds — oxides as well as sulphides 

— with formation of po- 
tassic cyanate or sulpho- 
cyanate. A mixture of 
potassic cyanide with the 
arsenical compound is 
heated in a bulb tube, a 
(Fig. 9). Metallic arse- 
nic is deposited at b. 
The changes are expressed as follows : — 

2ASi03 + 6KCy = 6CyKo + As*. 

Potassic 
cyanate. 

2A&.S3 + 6KCy = 6CyKs + AS4. 

Potassic 
Bulphocyanate. 

But since potassic cyanide contains potassic cyanate, as weU as potassic car- 
bonate (its composition may be expressed by the formula 5KCy + CyKo + 
XCOK02) f a. portion only of the arsenic in AS2S3 is obtained in the metallic 
form, and a sulpharsenate is formed which is not reduced by potassic cyanide. 
On mixing the arsenious sulphide with sulphur, the whole of the arsenic remains 
behind in the fused mass, as sulpharsenate, and no metallic deposit is obtained. 
(In the presence of sulphides of Pb, Cu, Ag, Au, Ni, Co, Fe — as, c.^., of FeS2, 
in arsenical pi/rites, NiSg, in nickel', glance — which are reduced to the metaUic 
state by the action of potassic cyanide, scarcely any arsenical mirror is obtained, 
because the liberated metallic arsenic — a portion only of the arsenic being liberated 
—would immediately alloy itself with the metals.) These changes are expressed 
by the equations : — 

iX) 5AS2S3 == SAsoSg + A84. 

(2) 4AS2S5 + 1200X02 = SAsSKsg + 3ASOK03 + I2CO2. 

The reduction is generally effected by mixing dry arsenious sulphide with one 
part of potassic cyanide and three parts of sodic carbonate, and introducing the 
mixture into a piece of combustion tube, C, drawn out to a point, as seen on a 
larger scale in Fig. 10. A slow current of carbonic anhydride generated from 
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marble and hydrochloric acid in the flask A, Fig. 11, and dried by passing 
tlirough b into the flask B, containing concentrated sulphuric acid, and out 
tlirough the delivery tube <?, is passed over the mixture in tube C, heated at 
first gently, till all the moisture has been driven out, and then strongly to fusion, 
— when a mirror of metallic arsenic collects in the neck of the drawn-out tube. 
The reaction has this advantage, that no antimony mirror is obtained In the 

same way. 

In order, however, to avoid missing the arsenic, either altogether or obtaining 
only a portion of it, as stated above, it is preferable to treat the arsenious sul- 
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aulphuric acid U next neutralized with eoriic carbonate, Knd the innKs thorouj^hly 
dried before miiing it with potasBio cyanide and reducing it as described. The 
fuaed mas9 retaini the antimony, and a good arBeoicai mirror is obtained, pro- 
vided no lead, copper, or other reducible metale were present. 

ArseniooB and arsenic acids aro both reduced by nascent hydro- 
gen, which corabinea with the oaygea of the arsenical oxides to 
form water, whilst the araenic in its nascent state, or the very 
moment it is liberated from the oxygen, combines likewise with 
hydrogen to form a gaseous coniponnd of arsenic, called arxeidetted 
hydrogen (araenioiis hydride) — As"'H3. This gas is obtained pure 
by acting with dilute sulphuric acid Dpon an alloy of zinc and 
arsenic. The zinc takes the place of the hydrogen in the acid, and 
arsenietted hydrogen is liberated, thus : — 

AB,Zn3 + 3SO,Hoi = SSOiZno" + SAsHa- 

Arsenietted hydrogen is an exceedingly poisonous gas, and the 
student should on no account attempt to prepare it pure. Its 
properties may be studied equally well in a mixture of the gas with 
much hydrogen. 

The experiment should be condncted in a closet, connected with 
a chimney or flue, where a good indriinglit of air can be obtained. 
Arsenietted hydrogen possesses a very nauseous odour, and burns 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrc^en gas is lighted, owing to the combustion of 
arsenic to arsenions anhydride which rises in white fumes. 

Generate hjdrogen in ft floak, a. Fig. 13, from pure lino (free from arsenic) 
and pure dilute sulphuric acid. Dry the goa hj p-iasiog it over calcic chloride 
•nd connect the drying tube, h, with a piece of hard glaaa tubing, c, drawn out 
to a jet. The hydrogen gaa may be ignited at the jot, oi toon ai it hat diiptami 
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the air i» the generating Jlcisk a, and drying tube, h. It bums with an almost 
colourless flame if the zinc and acid are pure. On introducing a few drops of an 
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arsenious or arsenic acid solution* through the funnel-tube, the flame is seen to 
change to blue, and on holding a piece oif porcelain {e.g.^ a dish, or the lid of a 
porcelain crucible) into the flame, a black mirror or deposit of metallic arsenic is 
obtained. Or the metal may be collected — hy heating the glass tube through 
which the arsenietted hydrogen passes — in the form of a metallic ring, d^ which 
deposits within the tube immediately behind the spot where the glass is heated. 
The hydrogen should not be generated too rapidly, if a good ring is to be obtained. 
The mirror may be driven on to c by gradually moving the flame from c 
towards d. 

Several arsenical mirrors may be obtained if a long piece of narrow combus- 
tion tube. Fig. 13, be employed, which has been contracted in several places by 
drawing it out in the flame of a blowpipe. Arsenietted hydrogen is generated 




Fro. 13. 



* Any considerable excess of oxidizing agents, such as nitric, chloride, etc., 
acids, should be avoided. The same holds g(KKl for the preparation of SbH^. 
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in the flask, a, and passing through b, the diying tube, c, and combustion tube, d^ 
issues from the drawn-out jet, where it can be burnt. The tube, dy is heated in 
one or in several places, just before the several drawn-out narrow parts. An 
arsenical mirror is obtained a little behind the heated part of the tube, as seen 
in Fig. 14. Little or no arsenietted hydrogen need thus escape from the jet, 
especially if a slow current of hydrogen be generated. 

The 'deposition of arsenic in the tube or on the cold porcelain 
arises from the decomposition of the arsenietted hydrogen, which, 
at a high temperature, is broken up into arsenic, which is deposited, 
and hydrogen, which passes on and bums at the jet. The decom- 
position which takes place when a cold piece of porcelain is lowered 
into the flame, is readily explained, if it be remembered what takes 
place when some cold porcelain is held in a candle or gas flame. A 
deposit of soot is obtained (finely-divided carbon from the hydrocar- 
bons), because the combustion is disturbed, and the temperature of 
the flame suddenly lowered. The flame can only bum where it is in 
contact with air, i.e., on the outside. The arsenietted hydrogen on 
passing through the inner portion of the flame, is decomposed by 
the heat into arsenic vapour and hydrogen gas ; the latter escapes 
through the outer portion of the flame, and is burnt, arsenic being 
deposited on the cold porcelain surface. The decomposition of 
arsenietted hydrogen takes place, even if very little of the gas be 
mixed with much hydrogen gas, and this test- — known as Marshes 
test — is therefore extremely delicate. 

It is of paramount importance that both zinc and sulphuric acid should be 
tested first. This is done by generating hydrogen, and allowing the gas to escape 
by itself for some time, through the combustion tube ignited in several places. 

Care should also be taken to avoid introducing nitric acid, since arsenietted 
hydrogen i% readily decomposed by this acid. It is therefore preferable to dis- 
solve arsenical compoiuids in hydrochloric acid, with the addition of a few small 
crystals of potassic chlorate, and to heat gently till no more chlorous odour is 
observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenietted hydrogen, called antiinonietted hydrogen 
(antimonious hydride), SbHs. It is prepared by acting witl\ dilute 
sulphuric or hydrochloric acid upon an alloy of three atoms of zinc 
and two atoms of antimony, thus : — 

SbaZna + 3SOaHo, = SSOzZno" + 2SbH8. 

Mixed with hydrogen gas it is obtained by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbCls, 
Sb02Ko, or tartar emetic). The greater part of the antimony, 
however, remains behind, precipitated as metal on the zinc. The 
hydrogen flame turns at once bluish-green, and white fumes of 
antimonious oxide, SbjOs, ascend into the air. The gas has no 
odour, and is not poisonous-* On depressing a cold piece of por- 
celain into the flame, metalli-e antimony is deposited, and on 
heating the combustion tube, as in the case of the arsenic experi- 
ment, the gas is likewise decomposed into metallic antimony, which 

* The evidence on this point appears to be doubtful. 
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collects in the narrowed portions of the tnbe and forms a dull 
hlack mirror, and hydrogen, which escapes and can be bnmt at 
the jet. 

Since both arsenic and antimony produce a metallic mirror, snch 
mirror may be dae to either metal or to a miztoreof the two metals 
(in which case, however, the more Tolatile arsenic is deposited 
further away from the flame, and a part of the antimony is fonnd 
anterior to the spot where the glass tabe is heated), and it is obvions 
that further experiments must be made in order to distinguish the 
arsenic from the antimany in the mirn/r itself. 

Thi^ can be done rerv readily — 

Ist. hj adding to the mirror obtained On '*old porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hypochlorite {Eau de Jarelle) ; or bj simply 
exposing the mirror to chlorine gas, eTolred hw treating a little bleaching powder 
with dilate hTdroehloric acid : the ara^iical mirror is speedily dissolTcd ; antimon j 
only after some lengthened exposure, thus : — 

Asj + 5ClNao = AsjOs + SXaQ. 

2nd. By passing a yery slow current of dry sulphuretted hydrc^n through 
the gla«s tube containing the arsenic and antimony mirror, and applying a gentle 
heat. The metals are conyerted into sulphides — arsenie into lemou'yellow arse- 
nious sulphide, and antimony into a blaek or partly orange-red antimonious 
sulphide ; and, if both metals are present, the two sulphides appear side by side ; 
the former somewhat in front of the latter, arsenious sulphide being the more 
yolatile of the two sulphides. On passing next a current of dry hydrochloric 
acid gas without the application of heat, antimonious sulphide disappears entirely, 
being converted into antimonious chloride, which yolatilizes in the current of 
hydrochloric acid gas, and may be passed into water and tested by means of 
sulphuretted hydrogen. Ar£«nious sulphide remains unaffected, even if the 
hydrochloric acid gas be passed oyer it for some time. The residuary arsenious 
sulphide ddssolves readily in hydric ammonic carbonate^ COHoAmo. 

Antimonietted and arsenietted hydrogen can moreover be distingiilshed from 
each other by passing a slow current of the mixed gases into a solution of 
argentic nitrate ; argentic oxide, acting the part of an oxidizing agent, conyerts 
arsenietted hydrogen into arsenious acid, thus : — 

AsHa + BNOjAgo + 3OH2 = Ag^ + AsHoa -r 6NO2H0. 

Antimonietted hydrogen is not acted upon in like manner. The oxidation 
extends bnly to the hydrogen and not to the antimony, the metallic silver taking 
the place of the hydrogen, thus : — 

SbHa + SNOjAgo = SbAgs + SNOjHo. 

The arsenious acid is separated by filtration from the insoluble SbAgs, and 
Ag. On cautiously adding to the filtrate a dilute solution of ammonic hydrate, 
a yellow precipitate of trlarircntlc arsenlte is obtained, where the two layers 
of the ammonic hydrate and acid solution meet. 

The residue is boiled with a solution of tartaric acid, when the antimonious 
ar^entide is acted upon with formation of soluble antimonious tartrate (?), silver 
bemg left behind. Filter ; acidulate the filtrate with dilute hydrochloric acid, 
and pass sulphuretted hydrogen. An orange precipitate indicates antimony. 
Anotner metnod of detecting the antimony consists in digesting the SbAgs with 
yellow ammonic sulphide, when the Sb is dissolved out as sulphantimonite, «nd 
ciu be separated from the filtered solution by HCl as Sb2S3. 

QUESTIONS AND EXERCISES. 
1. Which are the most in^portant natural compounds of arsenic P 
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2. Translate into graphic formulae the symbolic formulae of real^ar^ orpimeni, 

copper nickely smaltine, nickel ochre. 

3. What changes does metallic arsenic undergo when heated, Ist, by itself, in a 

current of a neutral gas (COj or H) ; 2ndl7, in contact with air -, Srdlj, in 
contact with chlorine ? 

4. What action has sulphurette<l hydrogen upon an acid solution of arsenious 

and upon a solution of arsenic acid ? 

5. Express by an equation the reaction which takes place when arsenious 

sulphide is dissolved ; Ist, in NaHo ; 2ndly, in SAm2 ; 3rdly, in 
COHoAmo. 

6. What precipitates are produced when argentic nitrate is added to a neutral 

solution of an arsenite or arsenate ? 

7. What is the action of magnesic sulphate in an ammoniacal solution (so-called 

maffttena mixture) upon arsenious and arsenic solutions ? 

8. Give a few instances of the reducing action of arsenious compounds. Ex- 

press the changes by equations. 

9. Explain the oxidizing action of chlorine, bromine, and iodine upon arsenious 

compounds. 

10. What takes place when metallic copper is introduced into a dilute liydro- 

chloric acid solution : 1st, of A82O3 ; 2ndl7, of As^O^ (Beinsch's test) ? 

11. Explain why a portion of the arsenic only is liberated, when an arsenical 

sulphide is heated with potassic cyanide. Give equations. 

12. Explain the reduction of arsenical compounds by nascent hydrogen (Marsh's 

test), and sliow by equations the formation of arsenietted hydrogen. 

13. What change does arsenietted hydrogen undergo: Ist, wlien burnt in the air; 

2ndiy, when passed through a tube heated in one or more places ; 3rdly, 
when passed into a solution of argentic nitrate ; 4thly, when passed 
through concentrated nitric acid ? 

14. Explain the formation of antimonietted hydrogen, and state — 1st, what pro- 

perties arsenietted hydrogen has in common with antimonietted hydro- 
gen ; and, 2ndly, how it differs from the latter in its chemical deportment 
with argentic nitrate. 

15. How would you distinguish between an arsenic and antimony mirror ? 



4. GOLD, Au' and'". Atomic weight, 196*7.— Gold is gene- 
rally fonnd native, and is then readily recognized by its colonr, 
malleability, and physical character generally. Gold occurs in any- 
thing like considerable quantities in combination only with the rare 
element tellurium. In small quantities it occasionally accompanies 
metallic sulphides. 

EXAMINATION IN THE DRY WAY. 

When heated on charcoal with sodic carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable 
globule of metallic gold. 

To detect gold in argentiferous minerals in which it is present only in minute 
quantities, and associated with large quantities of other»non-volatile metals, the 
powdered mineral is fused with borax and metallic lead, and the metallic button 
cupelled, as will be described under silver. The globule of white metal whicli is 
left on the cupel is beaten out, and the silver dissolved by digesting with a little 
nitric acid in a small porcelain dish. The argentic nitrate is poured off, and 
the gold washed with distilled water. The black insoluble residue is once more 
fused on charcoal before the blowpipe, when it assumes the well-known appear- 
ance of fine gold. 

Old silver coins frequently contain a small quantity of gold, which, on dis- 
solring in nitric acid, is left as a black powder. 
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Wlien an insufficient quantity of silver is present in the button (which maj 
be inferred from its pale-yellow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or " paH" the gold. — Method 
of assaying gold, 

EXAMINATION IN THE WET WAY. 

Gold when tinalloyed is soluble in aqua regia only, forming a 
SOLUTION OF AURIC CHLORIDE, AuClg, which may be employed for 
studying the reactions in the wet way. 

SH2 (flrroap-reaipeiit) gives from a cold solution a Hack preci- 
pitate of aurie salptalde) AUjSs, from a boiling solution a hrovmish 

precipitate of aurons Bulpblde, AU2S = < " au'^ ' "^^^se precipi- 
tates are insoluble in hydrochloric and nitric acids, but dissolve in 
aqua regia. They are likewise insoluble in normal ammonic sul- 
phide, but soluble, although with difficulty, in yellow sulphide, more 
readily in yellow sodic sulphide, with which they form a sulpho-salt, 

AuKass. 

SAm2 and SSONaoo, same precipitate. 

KH<o or NaHo produces no precipitate. 

AraHo produces from a concentrated solution of auric chloride a reddish- 
yellow precipitate of amnionic aurate or fulminating irold> (NH3)2Au203,— 
N^HaHoAu^ ,, 
WvH^HoAu^' *^^ =- 

2AtiC18 + 8AmHo =« (NHa)3Au208 + 6Ama + SOHj. 

The detection of gold is attended with no difficulty, owing to the facility 
with which auric chloride is reduced to the metallic state. Gold has Uttle 
affinity for non-metallic elements ; the compounds which it forms with them 
are readily broken up by heat alone, or on being brought in contact with bodies 
which have more affinity for the metalloids, leaving metaUic gold in a finely- 
divided condition, as a brown powder, which acquires metaUio lustre when dried 
and rubbed in a mortar. Hence atiric chloride is ^ powerful oxidizing agent, 
as has already been seen under tin, antimony, and arsenic. The same oxidizing 
action is called into play, when A^iClg comes together with solutions of sulphu- 
rous and oxalic acids, ferrous sulphate, or chloride, cuprous chloride, dissolved 
in hydrochloric ^icid, mercurous nitrate, potassic nitrite, sugar in an alkaline 
liquid, and many Other organic substances (e.^., the epidermis) ; arsenietted, 
antimonietted, and phosphoretted hydrogen decompose AuCl^ likewise. 

The following equations express these changes : — 

(1) 2AUCI3, when ignited splits up into Auj + 3Clj. 



(2) AU2S3, 


rt 


AU2 + S3. 




(3) 2AUCI3 + SSOHoa + 


3OK2 


«= Au2 + 3SO2H0, 


+ 6HC1. 


(4) 2AUCI3 + 3{^g^^ 




«» AU2 + 6CO2 


+ 6HCL 


(5) 2A11CI3 -(- 6F6CI2 




= Auj + 3Pe2Cl«. 




(6) 2AuCl8 + esOjFeo'^ 




= Au2 + Fe2Clg 


+ 2S306Fea^»Og 


(7) 2AUCI3 + 8CU2CI2 




= Aua + 6Cti012. 




(8) 2A11CI3 + S^^^Hg^o" 




- Au, + S^g'Hgo" 


+ 3Eg01s. 


(9) 2ATiCl3 + 3NOKo + 


3OH2 


= Au2 + 3NO2K0 


+ 6Ha. 


(10) 2ATiCl3 + 2Asbl3 + 


3OH2 


= Au2 + 2ASK03 


+ 6HC1. 


(11) 2AUCI3 -h SbHj 




" Auj + SKIls 


+ 8HC1. 
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In the analysis of a solution containing gold, as well as some 
other metals of Group II, procipitable bj SHo, it is usual to first 
remove the gold in the metallic state, by boiling with oxalic and 
hydrochloric acids, before passing SHj. The precipitated gold is 
collected on a filter and fused to a batton on charcoal. 

Gold is precipitated from a hydrochloric acid solution of AuCU 
by most metals, even by Pt, Ag, and Hg. 

QUESTIONS AND EXEItCISES, 

1. How would jou treat a fiilver coin containing a small quantity of gold, in 

order to extract the latter metal from it ? 

2. How is AuCls prepared ? 

3. Describe how pure metallic gold is prepared from AuCls in the wet way. 

4. Explain the change which Au^S] undergoes, 1st, when gently heated in a 

bulb tube ,* 2ndly, when heated in a tube open at both ends. 

5. How can gold be separated from an alloy of Au, Ag, and Cu ? 



5. PLATINUM, Pt" and i^. Atomic weight, 197-4.— This 
metal is found native, but more frequently alloyed with other 
metals. It is characterized by its infusibility before the blowpipe, 
and is not acted upon by the usual fluxes. It can, therefore, only 
be examined in the wet way^ 

Unalloyed platinum is not attacked by either nitric, hydrochloric, 
or sulphuric acid, but by aqua regia, with formation of platinic 
chloride, PtCU. A solution of this salt is employed for studying 
the reactions of platinum. 

SH2 (Kroup-peasent) produces slowly a dark hrown precipitate 
of platinic Oisulptaide, PtSo. On heating, the precipitate forms 
quickly. It is insoluble in nitric or hydrochloric acid, soluble in 
aqua regia, difficultly soluble in normal ammonic sulphide, more 
speedily in yellow sulphide, with which it forms a sulpho-salt, 
PtSAmsj. Heated out of contact with air, it is decomposed into 
"Pt"S and S. 

SAm2, same precipitate. 

PtCU is useful on account of the compounds which it forms 
with the chlorides of the alkali metals (and with the chlorides of 
many organic bodies, e.g,, the so-called alkaloids, such as quinine, 
nicotine, etc.). 

AmCl produces a light yellow crystalline precipitate of ammonie 
platinic chloride, 2AmCl,PtCi4. From dilute solutions a precipitate 
is obtained only after evaporation to dryness on a water- bath. The 
precipitate is somewhat soluble in water, insoluble in alcohol. 

KCl produces a yellow crystalline precipitate, of potassic platinic 
chloride, 2KCl,PtCl4, analogous in its appearance and properties to 
the precipitate just described. 

NaCl forms with platinic chloride a double chloride, which is, however, 
soluble in water, and is obtained in needle-shaped crjstab only after considerable 
evaporation. 

The precipitate produced by platinic chloride with AmCl and 
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KCl serves for the detection and isolation of platinum, and vice versa, 
for the detection of ammonium or potassium compounds. (Comp. 
Ciiapter II.) 

Platinum is capable of forming a lower chloride, vii., plafcmous chloride, 
"Pt"Cl2, in which the platinum acts as a djad. This salt is obtained by heating 
the platinic chloride for some time in an air- or oil-bath up to 204i° C, as long as 
any chlorine is evolved ; or hy acting with sulphurous acid upon a solution of 
platinic chloride, until the latter ceases to give a precipitate with ammonic 
chloride. PtCl2 is a greenish-grey powder, insoluble in water, but soluble in hydro- 
chloric acid. 

Several reactions in the wet way for platinum are based upon the power 
which its salts possess, of oxidizing other bodies which have some bonds left 
unsatisfied ; but as platinic salts are not so easily reduced as gold salts, a solution 
of the latter metal is generally preferred. After what has been stated under 
gold, the following reax;tions will be readily understood : — 

PtCl4 produces with SnCl2 only a dark brownish-red colour, owing to the 
reduction of the platinic to platinous chloride. 

PtCl4 is reduced by S02i^'eo" only after long-continved boiling. 

COTT » ^^ heating, if the free 

acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing agent, but it is 
rarely employed for this purpose. 

\V'henever platinum and gold are contained in a solution, together with other 
metals of Group II, precipitable by sulphuretted hydrogen, it is preferable to 
remove the gold, by means of oxalic acid (which does not reduce platinic chloride), 
before removing the platinum by evaporation with ammonic chloride. 

QUESTIONS AND EXERCISES. 

1. How is platinic chloride prepared ? Give an equation. 

2. How much Pt will be left, when 1*5 grm. of 2AmCl,PtCl4 is ignited? 

3. How is platinous chloride prepared ?, 

Separation of the metals arsenic, antimony, and tm, whose suh 
jphides are soluble in yelloto ammonic sulphide, or in sodic hydrate. 

The precipitate produced by the group-reagent is soluble in 
yellow ammonic sulphide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark brown colour, it 
may be inferred that stannous sulphide is present. If it be of a 
fine lemon-yellow colour, the presence of arsenious or stannic sul- 
phide may be inferred, if orange-coloured, antimony should be 
looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. ASjSa dissolves freely, 81182 very slightly, and SbjSa 
is all but insoluble. On digesting, therefore, the precipitate with 
COHoAmo, and filtering, arsenic is obtained in the filtrate, and 
antimony and tin are left in the residue. In order to separate the 
remaining two metals, the antimony is, for the most part, converted 
into antimonietted hydrogen, — tin does not form a gaseous compound 
with hydrogen. For this purpose the two sulphides are dissolved 
in hot hydrochloric acid, and the solution of the mixed chlorides 
introduced into a Marsh's apparatus. Antimony is detected by the 
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metallic depo&ii; which, antimonietted hydrogen gives on porcelain, 
insoluble in ClNao. Tin (antimony) is found in .the generating 
flask deposited on the strips of zinc as a greyish-black metal. It 
is removed from the undissolved zinc, dissolved in hot hydrochloric 
acid (by the aid of a little platinum foil), and the solution tested 
with mercuric chloride. A white precipitate of mercurous chloride, 
Hg^CU, indicates the presence of tin. 

The sejparation of arsenic, ardimony, and tiny may thus he based- 
upon — 

1. The solubility of AS2S3 in hydric ammonic ca/rbonate. 

2. The formation of antimonietted hydrogen. 

3. The precipitation of tin by metallic zinc, 

A tabular scheme, embodying this method of separation, will be 
found in Table II in the Analytical Tables at the end of the book. 

Several other methods of recognizing and separating the metals 
tin, antimony, and arsenic, will readily suggest themselves, such as 
the one which is based upon : — 

1st. The oxidation of AS2S3, SbjSa, and SnS by concentrated 
nitric acid ; and the conversion of the three oxides (by fusion with 
caastic soda in a silver crucible) into sodic metantimonate, arsenate, 
and stannate. 

2nd. The insolubility of Sb02Nao in cold water and alcohol 
(AsONaoj and SnONao^ being soluble). 

3rd. The conversion of A^ONaoa and SnONao2 into AS2S3 and 
SnS, by means of sulphurous acid and sulphuretted hydrogen. 

4th. The volatility of AS2S3, when heated in a current of dry 
SH2 gas, SnS being non- volatile. 

5th. The absorption of the volatilized AS2S3 in a solution 
of sodic hydrate, oxidation by chlorine and precipitation as 
AsOAmoMgo". 

6th. The conversion of the non-volatile SnS into SnOo by 
ignition in air. 

Another method is based upon : — 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodic hyposulphite, tin remaining in solution. 

2nd. By boiling the precipitated AS2S3 and Sb2S3 with hydric 
potassic sulphite and sulphurous acid ; AS2S3 is converted into 
potassic metarsenite, Sb2S3 remains undissolved. 

A third method consists in : — 

1st. Removing the AS2S8, by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved SbgSs and SnS2 with 
concentrated nitric acid and boiling with tartaric acid ; SbaO* is 
soluble, SnOz remains undissolved. 
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A fourth method of recognizing arsenic, antimony, and tin is 
based upon : — 

Ist. The introduction of a solation (in HCl by the aid of KOsCl) 
of the three sulphides into a hydrogen apparatus, and passing the 
evolyed arsenietted and antimonietted hydrogen through a solu- 
tion of argentic nitrate ; the tin remains behLiid precipitated on 
the zinc. 

2nd. The solubility of the precipitated SbAgs in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the AsAgOs from the argentic nitrate 
solution by means of ammonia. 

A fifth method of recognizing the metals of Grroup Ub, depends 
upon: — 

1st. The insolubility of ASjSs in strong hydrochloric acid, Sb^Ss 
and 81182 being dissolved. The presence of arsenic is confirmed by 
fusion with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on platinum by means 
of a strip of metallic zinc ; a black stain indicates antimony. 

3rd. Dissolving the tin precipitated on the zinc in warm dilute 
hydrochloric acid, confirming it by means of mercuric chloride.* 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP Ub. 

1. Sulphuretted hydrogen produces a fine yellow precipitate, a portion of which 

is soluble in yellow amnionic sulphide. What inference would you draw 
from this, and how would you examine both the solution and the residuary 
yellowish sulphide ? 

2. Describe seyeral methods for separating As from Sb. 

3. Exandne some green paper-haagings for As (Scheele's green). 

4. Test a sample of commercial hydrochloric acid for As and Fe. 

5. Separate As from Sn in a solution of SnCl^ and As^O^, containing '500 grm. 

of Sn, and '020 grm. of As. 
'6. Analyse a solution containing '010 grm. of As and '100 grm. of Sb by con- 
Tcrting the two metals into the respective hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing '200 grm. of 

Sn and '020 grm. of Sb ; also a strip of zinc and a piece of platinum foil. 
Describe how you would separate the two metals. 

8. Test a sample of iron pyriteSy PeS2, for arsenic, in the dry and in the wet way. 

9. A precipitate consists of Sb^Ss and AB2S3. Describe different methods 

of analysis, and state the pos&ible causes of error inherent upon each 
method. 

10. Analyse a mixture of S11O2 and Sb2P4, both in the dry and wet way. 

11. You have given to you a solution containing potassic ai*senite and arsenate. 

State how you would identify the two oxides of arsenic in the presence of 
each other. 

12. Test a solution of stannic chloride for stannous chloride. 

13. How can you detect traces of antimonic chloride in a solution of antimonious 

chloride ? 

14. What are the changes which AbjSs, Sb^Ss, and SnSj undergo when they 

are treated with concentrated nitric acid and when the products of the 
oxidation are fused with caustic soda ? 

• See also Table II. 
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Chapter VI. 
REACTIONS OF THE METALS OF GROUP I. 

This group comprises the metals silver, lead, and mercury in 
the form of mercuroos compounds, which are precipitated bj dilute 
hydrochloric acid. 

1. SILVER, Ag'. Atomic weight, 108. — This metal occurs 
native ; also as sulphide in silver glance, SAg2, and in combination 
with antimony, as sulpho-salt in trisulphargentic orthosulphantimo- 
nite, or dark red silver ore (pyrargyrite), SbAgSs ; with arsenic as 
trisnlphargentic sulpharsenite, in jproustite, AsAgSs ; as chloride, 
AgCl, in liorn silver, and other ores. 

EXAMINATION IN THE DRY WAY. 

Place a small quantity of powdered silver glance towards the 
middle of a hard glass tube (combustion tubing of about \ inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually by moving the tube 
about in a Bunsen gas flame, and lastly, heat it strongly towards 
the centre. By holding the tube in a slightly slanting position, a 
current of air is made to pass over the ignited sulphide ; the sulphur 
becomes oxidized and is carried off as sulphurous anhydride, readily 
recognizable by its pungent odour. Metallic silver is left, together 
with a little argentic sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
likewise oxidized, but are, to a great extent, deposited as AB2O3 and 
Sb208, in the cool part of the tube. 

Mix a little of the finely-powdered silver glance (or of the roasted 
ore) with sodic carbonat-e, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with:^ 
little carbon (?). 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple fusion with 
sodic carbonate. Antimony and arsenic, if present, are readily vola- 
tilized as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non-volatile metals, such as copper, 
iron, etc., as in argentiferous fahl ore, and from which the metal 
silver could not be eliminated before the blowpipe flame, are treated 
in the following manner : — "• 

About '100 grm. of the finely-powdered ore is mixed with its own bulk of 
pounded borax glass ; wrapped up in a small piece of assay lead ;* introduced 
into a cavity, made in a good piece of charcoal, and fused iinder the reducing 



* Lead free from silver, prepared from plumbic acetate. 
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flame of the blowpipe, at first gently, and afterwards more strongly. The heat 
is kept up till the whole mass has resolved itself into a metallic button and a clear 
glassy borax bead, which does not adhere to the charcoal. Should the metallic 
button, on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing flame, until, on cooling, it shows a 
bright, somewhat prismatic surface. It is then detached from the borax, cleaned 
by a blow with a hammer and carefully cupelled on some bone-ash (tricalcic 
phosphate, p20oOao"3), pressed into a shallow <»vity in a piece of cliarcoal, the 
surface being made smooth and thoroughly concave with the round end of a 
pestle. The button is thoroughly freed from borax, placed in the cupel, and 
heated in the oxidizing flame. The lead is oxidized and absorbed by the porous 
bone-ash, forming a mass of fused litharge around the metallic bead. If one 
cupellation does not yield a brilliant white globule of silver, i.e.y if the copper 
has not been entirely removed — a fact which is indicated by a black colour, 
instead of the pale yellow colour of the litharge, in the cupel — the cupellation of 
the button must be repeated in a fresh cupel, and the button, if necessary, re- 
melted with a small quantity of assay lead. The silver not being an oxidizable 
metal, is obtained in the metallic state. 

Small quantities of silvet* may he separated from lead (as well as 
from other metals) by cupellatimi. 

Fuse some finely-powdered argentiferous galena^ PbS,SAg2 (orPbAgSg), on 
charcoal before the reduciug flame of the blowpipe, either alone 
or with sodic carbonate. A bead of an alloy of much lead and 

very little silver is left. Expose this bead on a small cupel (Fig. 

Pjq 24 14) to the oxidizing action of the blowpipe flame. The lead is 

oxidized and absorbed by the cupel, metallic silver being left. 
Dried AgCl is mixed with dry CONao2, in a small mortar, transferred to the 
charcoal and heated in the reducing flame of the blowpipe. A button of 
metallic silver is left thus : — 

2AgCl + CONaog = 2NaCl ■\- COg + O + Agj.* 
REACTIONS IN THE WET WAY. 

For the reactions of silver in the wet way a solution of 
AEGENTic NITRATE, N02Ago, is employed. 

nCl (grronp-reairent) and isolnble chlorides (NaCl, etc.)? give a 
white curdy precipitate of argrentlc chloride, AgCl, wKich turns 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 
chloiic acids ; readily soluble in ammouic hydrate, potassic cyanide 
and sodic hyposulphite; soluble also to a perceptible extent in con- 
centrated hydrochloric acid and in saturated solutions of alkaline 
chlorides, more particularly when heated, whence the dissolved 
argentic chloride is, however, reprecipitated on dilution with water. 

Collect the precipitated AgCl on a filter and dry over a sand-bath. Fuse a 
portion of the dried salt in a porcelain crucible over a small gas-flame. Thie 
white powder fuses ; it undergoes a mere physical change, and leaves on cooling 
a hard mass, called horn silver. 

Place a small piece of zinc on the fused horn silver^ and add a drop of dilute 
hydrochloric acid and a little water. A voltaic action is set up between the 
metallic zinc and silver. The zinc removes the chlorine and leaves the metallic 
silver. The same action takes place when the white curdy precipitate of argentic 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

* The oxygen represented in this equation combines of course with the 
carbon of the charcoal. 
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NaHo or KHo precipitates argrentlc oxide, OAgj, in the form of 
a hrown 'powder, which, on strong ignition, gives off oxjgen, and is 
converted into metallic silver. 

AmHo, when gradually added, precipitates argentic oxide, 
readily soluble in excess. 

SH2 precipitates hlach argrentlc sulphide, SAg2, from acid solu- 
tions ; insoluble in dilute acids, in alkalies, alkaline sulphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid, with 
separation of sulphur. 

SAm2 (or any soluble sulphide) precipitates from neatral solu- 
tions hldch arnrentlc sulphide. 

HI or KI gives a yellowish precipitate of argrentlc Iodide, Agl, 
insoluble in dilute nitric acid^ almost insoluble in ammonic hydrate 
(distinction between AgCl and Agl). 

HBr or KBr gives a yellowish-white curdy precipitate of arnrentlc 
bromide, AgBr, insoluble in dilute nitric acid ; difficultly soluble in 
ammonic hydrate; readily soluble in potassic cyanide, or sodic 
hyposulphite ; decomposed by concentrated hydrochloric acid, with 
evolution of bromine vapour and conversion into Ag<]Jl. 

HCy or KCy gives a white curdy precipitate of argrentlc cyanide, 
AgCy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecipitated by dilute nitric 
acid ; soluble in sodic hyposulphite. The precipitate is decomposed 
by concentrated boiling nitric acid ; it is decomposed also when 
heated by itself in a porcelain crucible, to paracyanide, metallic 
silver, and cyanogen gas (distinction from AgCl, Agl, and AgBr). 

On placing a bright and clean strip of copper into a solution of argentic 
nitrate, the copper becomes rapidly covered ydtli a lustrous coating of metallic 
silver, and the solution, after a time, gives no more precipitate with liydrochloric 
acid. The silver is deposited on the copper in the metallic state, and the solution 
contains now N2O4CU0" : an equivalent quantity of copper (63'5 by weight of 
copper for every 216 of silver) having been dissolved. 

Place a small globule of mercury into a concentrated solution of argentic 
nitrate on a watch-glass. The globule of mercury becomes rapidly covered with 
a crystalhne mass, resembhng some vegetable growth, termed ahorescence. After 
a time the whole of the silver becomes removed from the solution, and the solu- 
tion contains in the place of the argentic nitrate, mercuric nitrate, N204Hgo". 
Metallic silver is precipitated and forms with the mercury an amalgam which is 
crystalline. This crystalline mass is termed a jsilver tree (arbor Diance) . 

Strips of the metals Zn, Fe, Sn, Sb, Pb, and Cd may likewise be employed 
for the precipitation of metallic silver. 

These changes illustrate the action of the more electropositive 
metals upon solutions of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical changes, 
viz., di8]placement of one element by another element. 

Take a clear solution of one part of grape sugar and 6 — 8 parts of distilled 
water, and a somewhat dilute solution of argentic nitrate. Heat the latter in a 
test-tube, nearly to boiling, and add the grape sugar solution. The Uquid 
becomes at once turbid, and a greyish- white powder of metallic silver falls to 
the bottom ; or a yellowish-white metallic deposit forms on the sides of the test- 
tube, which, on rubbing with a glass rod, shows bright streaks of metallic silver. 
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Hie meUUlic silTer can be filtered <^ and f oaed on charcoal, before ihe blowpipe, 
to a brilliant globule. 

The caofle of the reduction of argentic salt must evidentlj be songht for in 
the grape sugar. It has been seen that argentic oxide loses its oxygen readily 
on ignition. Certain organic substances, such as grape sugar, formic acid, and 
aldehyde, are known to combine eagerly with oxrgen, and tiie OAgj (in two 
molecules of NO^Ago) parts with its oxjgen and yields a deposit of metallic 
silyer. 

This reaction has ibund an important practical application in the manufacture 
of looking-glasses, etc 

The silyer in the argentic nitrate is displaced by hydrogen from the organic 
bodies, nitric acid being left in solution, carbonic anhydride and water — ^the two 
ultimate products of oxidation of organic matter — being formed by the oxida- 
tion of the organic substances. 

r CH 
On igniting a few crystals of argentic acetate, •< ^r\\ t in a coyered por- 
celain crucible, gently at first, and strongly, as soon as no more fumes are 
giyen off, a mass of frosted silyer is left, haying the shape of ihe original 
crystals. 

QUESTIONS Aim EXERCISES. 

1. How is argentic nitrate prepared ? 

2. What change takes place when silver glance is roasted in a tube ? 

3. Write out the equations for the reactions of silyer in the wet way. 

4. How much NaCl will be required to oonyert 1*5 grm. of NOjAgo into AgCl ? 

5. A dilute solution of hydrochloric acid (containing *00S65 grm. of the acid in 

one cubic centimetre of the solution) is precipitated with NOgAgo. How 
much AgCl by weight do we get from 150 c.c. of the acid solution. 

{CH 
f^r\\ i and how 

much nlyer will be left, when *451 grm. of acetate is ignited ? 
7. What changes does AgCy undergo upon ignition ? 



2. LEAD, Pb" and *^. Atomic weight, 107. — Occurs in nature 
chiefly in combination with sulphub, as PbS", in galena; also as 
CARBONATE, in lead spar or white lead ore, COPbo" ; as sulphate, in 

lead vitriol, S02Pbo", in leadhillite, ^^Pbo"Pbo", and in lanarkite. 

SO/ ^ ' 

CO 

gQ Pbo"j ; as oxychloeide, in mendipite, PbClj,2PbO, graphic 

formula : CI — Pb — O — Pb — O — Pb — 01 ; as phosphate and oxt- 

CHLORIDE, in pyromorphite, Ps08Pbo"4 ( p,Pb" Y 

examination in the dry way. 

The principal blowpipe reaction consists in reducing lead com- 
pounds on charcoal to metallic lead, either by themselyes, or by the 
aid of sodic carbonate, or potassic cyanide, and in the yellow incrus- 
tation of oxide which they yield, which disappears when heated in 
the oxidizing flame, imparting a hltie colour to the flame. The 
change which takes place when galena is heated with sodic car- 
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bonate in a crucible, out of contact with air, is expressed by the 
equation : — 

rPbS + 4C0Nao2 = 4Pb + 3PbNas2 + SO^Naoo + 4CO2 ; 

Fusible slag. 

but when heated in contact with air, or in the presence of an 
oxidizing agent, such as saltpetre, the loss of lead in the slag is 
avoided, thus: — 

PbNas, + 70 + CONaoa = Pb + 2S02Nao2 + 00,. 

Wlien galena is roasted in a glass tube open at both ends, it is 
converted into S02Pbo", PbO, and SO3, thus : — 

(1) PbS + 04= SOaPbo". 

(2) PbS + 03 = PbO + SO2. 

With borax and microcosmic salt, lead compounds give in the 
outer flame a clear yellowish glass when hot (owing to the combi- 
nation of the PbO with the boric or phosphoric acid, and formation 
of a sodic plumbic borate or phosphate), which is colourless when 
cold. 

All lead minerals, especially tbe antiraonial sulpho-salts, houlangerite, 
SbjFbsa, hournonite^ Sb2Pbs"2{Cu2S"2)">i«wie*o;M7tf, Sb4S3Pb8"Pbs"2, and argen- 
tiferous galena^ contain more or less silver, as may be ascertained by carefully 
cupelling the metallic button on charcoal (comp. silver, page 94). 

The presence of antimony, arsenic, and sulphur reveals itself, when these ores 
are heated on charcoal (garlic odour and fumes of AB2O3, or Sb203), or in a glas* 
tube open at both ends (white sublimate, fumes, and odour of SOo) . 

REACTIONS IN THE WET WAY. 

For the reactions of lead in the wet waj A sofiUTiON of plumbic 

NO / r CH \ 

NITRATE, jq.Q*Pbo", or acetate ( < no'l^^bo", is used, most other 

plumbic salts being insoluble in water. 

HCl (grroup-reaiirent), or soluble chlorides give, with a not too 
dilute solution of plumbic salts, a heavy white precipitate of plumbic 
cblorlde, PbCl2, soluble in much cold water, readily in boiling 
water, from which the plumbic chloride crystallizes out, on cooling, 
in fine needles ; less soluble in solutions containing dilute hydro- 
chloric or nitric acid. Ammonia converts it into a basic salt, of the 
composition PbHoCl {plumbic chlorohydrate), — a white powder 
almost insoluble in water. 

NaHo or KHo precipitates plumbic hydrate, PbHos, soluble in 
excess of the reagent, especially on heating. The PbHo2 must be 
viewed as acting the part of a weak acid, on combining with the 
strong alkali base. 

AmHo precipitates a white basic salt, insoluble in excess. The 
precipitate forms only slowly in a solution of plumbic acetate. 

SHj precipitates black plumbic sulphide, PbS, from acid solu- 
tions. If a large excess of hydrochloric acid be present, the pre- 

u 
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rpbci 

cipitate is reddish-hrovm, consisting of < S , (diplumhic suhpho- 

[PbCl 
dichloride). On diluting considerably with water, a black precipitate 
is obtained. 

SAm2, or soluble sulphides, precipitate likewise black PbS, in* 
soluble in dilute acids, alkalies, and alkaline sulphides. Plumbic 
sulphide is soluble in hot dUute nitric acid, plumbic nitrate being 
formed, with separation of sulphur. Concentrated nitric acid con- 
verts it into S02pbo"; the oxidation extends to the sulphur, as well 
as to the lead. 

S02no2, and soluble sulphates, precipitate white plumbic sul- 
phate, S02Pbo", almost insoluble in water, especially in the presence 
of excess of dilute sulphuric acid ; insoluble also in cold dilute acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystallizes out on cooling ; soluble in potassic hydrate, and, lastly, 
readily soluble in concentrated solutions of certain salts, such as 
sodic hyposulphite, ammonic acetate or tartrate, in the presence of 
excess of ammonic hydrate, from which solutions SO2H02, SAm2, or 
Cr02Ko2, precipitate the lead again. Boiling with sodic carbooate 
converts S02Pbo" into insoluble COPbo". Plumbic sulphate sepa- 
rates from dilute aqueous solutions only on the addition of alcohol 
(methylated spirit). 

Cr02Ko2 precipitates yellow plumbic chromate, CrOsPbo" 
(c/irome 2/eZZoi«), readily soluble in potassic or sodic h3^drate ; diffi- 
cultly soluble in dilute nitric acid, insoluble in acetic acid. 

CONaoo, as well as COKogand COAmo2, give&tohite precipitate 
of a basic carbonate (ivhite lead), of varying composition, usually 

represented as no^OPhH {^^^ (trijplumbic dihydrate dicarbo^ 

nate), insoluble in water and in potassic cyanide. 

KI gives a yellow precipitate of plumbic Iodide, Pbl2, soluble in 
excess of the reagent ; also soluble in much hot water, from which 
it separates on cooling in beautiful golden-yellow scales. 

KCy precipitates white plumbic cyanide, PbCy2, insoluble in 
excess, soluble in dilute nitric acid. 

Soluble phosphates^ arsenitesy and arsenatesy silicates^ borates^ oxalates^ tar- 
trateSf citrates^ ferro- and ferricyanides give precipitates with plumbic salts, 
which are insoluble in water, but soluble in dilute nitric acid. These precipi- 
tates possess, however, only a secondary interest. 

Metallic iron or zinc precipitates lead from its salts. This is seen very 
strikingly on dissolving a few ounces of plumbic acetate [sugar of lead) in dis- 
tilled water, with the addition of a little acetic acid, and suspending in tlie 
solution a piece of zinc from a thread. The zinc becomes covered with a 
beautiful crystalline deposit of metallic lead, which increases rapidly if the solu- 
tion be left undisturbed, and acquires the appearance of the branch of a tree 
{arbor Saturni). The metallic structure can be preserved for days in unaltered 
beauty. On removing the precipitated lead from the piece of zinc, the latter is 
found much corroded and considerably diminished in size and weight. The lead 
may be collected on a filter and washed with water, dried, and fused in a crucible, 
under a covering of borax, to a bright metallic button. A quantity of zinc, 
atomically equivalent in weight to the precipitated lead (i.e., 65 parts by weight 
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.of zinc for every 207 of lead) has dissolved, and is found in the solution, 
in the form of zincic acetate. The atomic weights of Zn (65) and Pb (207) can 
he determined roughly, by weighing the metallic zinc, before and after immersion, 
as well as the precipitated lead. / 

Heat a little red lead, Pb304,* in a small porcelain crucible or in a test-tube, 
-to which a delivery-tube is attached. Oxygen gas is given off, which may be 
ooUected in the usual manner over water. The residue is dark yellow, and on 
ooooling turns bright yellow. It consists of plumbic oxide, PbO {litharge), 
according to the equation : — ^Pb304 « 3PbO + O, 

GDreat a little Pb304 with dilute hydrochloric acid in a test-tube, and heat 
gently. A greenish-yellow gas comes off, and the red lead dissolves to plumbic 
rchloride. The gas is readily recognized, by its odour, as chlorine : — 

Pb304 + 8Ha « 3PbCl2 + CI2 + 4OH2. 

Treat another portion of red lead with dilute nitric acid. The red colour 
.changes to brown — the colour of plumbic dioxide, PbOj. The reaction is ex- 
pressed by the equation : — 

Pb304 + 4NO2H0 = 2^q2pi,o'' + PbOg + 2OH2. 

Lead can thus combine either with one or two atoms of oxygen to form PbO 
^r Pb02 ; it can exist in the dyad or tetrad condition (Pb" and Pb*^) and red 
.lead is obviously composed of two oxides, of Pb*^02 + 2Pb"0. The plumbic 
dioxide in red lead yields the oxygen. It is written graphically : — 



00 



Pb»^Pbo"2 = Pb<^ y-^K /^^ (Triplumbio tetroxide). 

The minerals plattnerite, Pb02, and minium, Pb304, represent the corre- 
spending natural oxides. 

It is evident from the above experiments, that lead occurs more frequently in 
the dyad than in the tetrad condition. 

SO2H02 forms with Pb02 a sulphate, SOoPbo" oxygen being given off. 

Pb02 absorbs sulphurous anhydride readily, forming S02pbo". 

HCl on heating with plumbic dioxide yields chlorine. 

Minium or red lead, and the brown plumbic dioxide are powerful oxidizing 
ragents. They furnish likewise means for preparing chlorine gas. 

QUESTIONS AND EXERCISES. 

1. How much oxygen by weight and by volume (at 0° C. and 760 mm.) can be 

obtained from 30 grms. of red lead ? 
•2. Write out the symbolic equations for the reactions of lead in the wet way. 

3. How can Pb be separated fi*om Ag, in the wet way ? — Ist, by using hydro- 

chloric acid ; 2nd, potassio cyanide ; 3rd, sulphuric acid, as a precipitant. 

4. Give graphic formulae for while lead, red lead, plumbic acetate, mendipite, 

plumbic chlorohydrate, plumbic nitrate and cbromate, diplumbic sulpho- 
dichloride. 
.5. Describe how you would analyse an alloy of 5 parts of lead, 3 parts of tin, 
and 8 parts of bismuth, a so-ca\ied fusible alloy melting at 98*^ C. 

3. MERCURY.— (Mercnrosum) 'Hg'2. Atomic weight, 2 X 
200. 

A SOLUTION OF MEECUROUS NITRATE, j»Q*Hg20", is USed. 

* The composition of commercial red lead is more correctly expressed by the 
formula Pb406. 

H 2 
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HCl (»roup-rea»ent), or soluble chlorides, give a white precipi- 
tate of mercurous chloride, 'Hg'2CIa (calomel), which is insoluble in 
dilute acids and is blackened by "KHo or AmHo, the latter con- 
verts it into 'Hg'20 and mercurosammonic chloride, NH2'Hg'2Cl. 
Mercurous is converted into mercuric chloride by the addition of 
chlorine water. Concentrated hydrochloric acid converts it, upon 
long-continued boiling, into HgCl2 and grey metallic mercury. 

NO 
Nitric acid oxidizes it readily into HgCl2 and ^^^Hgo", with evolu- 
tion of nitrous fumes. Dry 'Hg2Cl2 sublimes unchanged. 

NaHo or KHo gives a black precipitate of mercurous oxide, 
'Hg'20, insoluble in excess. 

AmHo produces a hl>ack precipitate of basic dimercurosamnionic 
nitrate by the substitution of 'Hg'2 for 2 atoms of hydrogen in twa 
of Amo, thus : — 

^NO?^^" ■•■ ^""^^ = N,0,'Hg'^"[^»'Hg'jO,]" 

Basic dimercurosammonic nitrate. 

+ 2N02Amo + 3OH2. 

The precipitate is insoluble in excess. 

SH2 precipitates black mercurous sulphide, 'Hg'2S,'* insoluble in 
excess or in dilute acids ; soluble in aqaa regia or in yellow potassic 
sulphide. When boiled with concentrated nitric acid, the second 

NO 

atojn of mercury in 'Hg'gS is converted into j^^^Hgo", and a white 

compound of mercuric nitrate and sulphide, jto*OTT^>^^» ^® formed. 

SAm2 produces the same black precipitate. 

A clean strip of metallic copper precipitates from mercurous 
solutions metallic mercury, cupric nitrate being left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. The mm'e electro- 
positive metals, Cu, Cd, Zn, Fe, Pb, Bi, jprecij>itate the less electro- 
positive metal Hg. 

SOH02, S02Feo", or S11CI2, produces a grey precipitate of 
metallic mercury. On decanting the liquid and boiling the grey de- 
posit with hydrochloric acid, distinct metallic globules are obtained.^ 
The changes may be expressed thus : — 

^^'Hg2o" + SOH02 + OH2 = 2Hg + 2NO2H0 + SO2H02. 
sJjQ'Hgjo" + eSOaFeo" = 6Hg + 2(S02)3Fe20^ + (N02)eFe20^^ 
^^*Hg2o" + S11CI2 + 2HC1 = 2Hg + SnCU + 2NO2H0. 

* This compound appears to be a mixture of mercuric sulphide and merourr,- 
as is shown by the ready action which concentrated nitric acid has upon it. 
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Mercurous salts thus act the part of oxidizing agents^ when coming in con- 
tact with more powerful reducing agents. 

QUESTIONS AND EXERCISES. 

1. Write out the graphic formulse of calomely mercurous nitrate, mercurous 

oxide, mercurosammonic chloride, basic dimercurosammonic nitrate. 

2. Write out equations for the reactions which mercurous compounds give in 

the wet way. 

3. How can mercurous chloride be converted into mercuric chloride? Q-ive 

equations. 

4. How much calomel can be manufactured from 20 lb. of metallic mercury ; 

and how much SO2H02 and NaCl by weight will be required? 

5. What is the action of boiling nitric acia upon mercurous sulphide ? 

A method of separating the metals of Group I will readily sug- 
gest itself, and a tabular analytical scheme may be drawn up without 
much difficulty, if it be remembered : — 

1st. The solubility o/PbCla in boiling water. 
2nd. The solubility q/* AgCl in AmHo. 

3rd. The conversion of the HgsClj into black NH2'Hg2'Cl by the 
action of AmHo. 

Table I in the analytical Tables at the end of the book embodies 
this method of separation. 



Before proceeding to the study of the reactions for acids, the 
student will do well to tabulate according to some suCh scheme as 
the one given on p. 50, the knowledge gained of all the metallic 
oxides and hydrates, sulphides, carbonates, neutral as well as basic, 
etc., and to commit the reactions to memory. 

He will also gain much precise information by working out in a 
tabular form and illustrated by equations : — 

(1.) The solubility of all the metals hitherto treated of — 

(a.) In dilute and concentrated hydrochloric acid. 
(b.) In dilute and concentrated nitric acid. 
(c.) In dilute and concentrated sulphuric acid. 
(d.) In aqua regia. 

The information given in the Introduction to Inorganic Chemistry, III Ed., 
pp. 96, 101 and 102, 117, 118, 119 and 120, should be consulted, as well as that 
lound in this work under each metal. 

(2.) The solubility of the metallic oxides and sulphides obtained 
1jy double decomposition in the wet way, in the different acids, in 
xaustic alkalies, and in alkaline sulphides. 

PRACTICAL EXERCISES AND QUESTIONS ON aROTTP I. 

1. Test a sample oi galena for silver in the dry way. 

2. Analyse a sample of ruhy silver in the dry and in the wet way. 

J3. You haye given to you some precipitated argentic chloride, dilute HCl, and 
a strip of metallic zinc. How would you prepare pure metallic silver ? 
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4. Analyse a solution, containing *010 gnh. of Ag, as N02Ago, '100 grm. of "Kgr 

as N204Hg2o" and -010 grm. of Pb, as N804Pbo". 

5. Describe what takes place when a solution of argentic nitrate, containing 

about '010 grm. of Ag, is added to a hot saturated solution of KCl. 

6. You have given to you a mixture of red lead and calomel. What takes place 

when the mixture is treated with HCl ? 

7. Analyse a mixture (about *050 grm.) of white arsenic and corrosive suhlimatet 

both in the dry and wet way. 

8. Test a commercial sample of baric chloride for lead. 

9. Test a sample of white lead paint for impurities, insoluble in dilute nitric 

acid, and examine the acid filtrate by the respective group-reagents. 
10. Prepare some pure N02Ago from an alloy of copper and silver. 



Chapter VII. 
REACTIONS OF THE ACIDS. 

A. Inorganic Acids. 

CARBONIC ANHYDRIDE, CO2.— Occurs in the atmosphere 
and in mineral waters. In the combined state it forms a constituent 
of many minerals, called carbonates, which have for the most part 
been enumerated, in speaking of the natural compounds in which 
the different metals occur. 

REACTIONS IN THE DRY WAY. 

On ignition some carbonates undergo changes, others remain 
unchanged. The carbonates of the fixed alkali metals are not de- 
composed by the strongest heat up to temperatures obtainable in an 
iron blast-furnace. At very high temperatures they are somewhat 
volatilized. The acid carbonates of the alkalies are reduced by 
heat to normal carbonates, with evolution of CO2. The carbonates 
of all other metals are decomposed more or less readily into oxides 
(or metals), carbonic anhydride (and oxygen) being given off. 
Baric and strontic carbonates require the strongest white heat for 
their decomposition ; calcic carbonate requires a strong red heat* 
All the others are readily decomposed on heating. The evolved 
carbonic anhydride is a colourless and almost odourless gas, heavier 
than air, and can be poured from one vessel into another. When 
poured or passed into a test-tube containing lime- or baryta- water, 
a white precipitate is obtained, owing to the combination of the 
carbonic anhydride with the caustic alkaline earthy bases. 

REACTIONS IN THE WET WAY. 

All normal carbonates may be divided into — 

1st. Carbonates which are soluble in water, consisting of the^ 
carbonates and bicarbonates of the alkali metals. Thejr 
possess an alkaline reaction. 
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2nd. Oa/rbonates which are insoluble in ioater, a few of which arc, 
however, soluble in presence of carbonic anhydride, with 
formation of acid carbonates, such as the carbonates of 
Ba, Sr, Ca, Mg, Fe", Mn", but are reprecipitated on boil- 
ing. 

All carbonates are decomposed by dilute acids, — organic or 
mineral (with the exception of HCy and SHj). The decomposi- 
tion is marked by strong effervescence and evolution of CO3. On 
passing the evolved gas into a solution of caustic lime or baryta, 
the carbonic anhydride becomes once more fixed, the formation of a 
white precipitate (soluble in excess of the gas with formation of 
acid carbonates) confirming the presence of CO2. 

Metallic sulphites, sulphides, and nitrites are likewise decomposed by dilute 
acids with evolution of a gas ; but the eyolyed SO2, SH2, or N2O3 gases are 
readily recognized by their characteristic odour or colour. In order to recognize 
CO2 in the presence of SO2 or SH^, the gaseous mixture is first passed into a 
solution of an alkaline chromate mixed with an acid, or into bromine water, or a 
solution of a cupric or ferric salt, and then through lime- or baryta- water. 

• 

QUESTIONS AND EXERCISES. 

1. How would you prove experimentally the presence of carbonic anhydride, 

Ist, in spring water ; 2nd, in atmospheric air ; 3rd, in white lead ; 4th, in 
coal gas? 

2. Classify all metallic carbonates according to their respective deportment, Ist, 

on ignition ; 2nd, on treatment with water ; 3rd, in contact with excess 
of COj. Q-ive examples. 

3. What change takes place when tartaric acid and hydric potassic carbonate 

are mixed together? 

4. Which is the most characteristic reaction for CO2? 

5. How would you recognize the presence of CO2 in a gaseous mixture, contain- 

ing SO2 and CO2, or SH2 and CO2? 

6. How much CO2, by weight and by volume, can be obtained from 1*235 grm. 

of COCao" ? 

7. What change takes place, Ist, when a current of CO2 is passed through cold 

water in which finely divided chalk is suspended ; and 2nd, when the 
liquid is heated to boiling, subsequent to the passing of the gas ? 

8. Explain the effect of boiling upon most spring waters. 

9. What is the usual composition of boiler deposits, and how would you propose 

to prevent them ? 



SULPHURIC ACID, SOgHo..— This is one of the most 
powerful acids, for it is capable of displacing, in the wet way (with 
few exceptions), all other acids from saline compounds. It forms 
with bases a series of very important salts, — the sulphates, most of 
which have already been enumerated in treating of the natural 
compounds of the various metals. 

REACTIONS IN THE DRY WAY. 

On heating a sulphate on charcoal, in the reducing flame, 
together with CONao2 (free from sulphate) sodic sulphide is 
formed thus : — 

SO,Mgo" + 20 + CONao, = SNa« -h MgO + 3CO2. 
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The fused mass gives off SH2, when treated with a strong acid 
(HCl), readily recognized by its odour. When placed on a bright 
silver coin and moistened with a drop of water, it produces a black 
stain of argentine sulphide. This reaction applies, however, to all 
sulphur acids, without exception, and it is impossible to prove 
thereby the presence of SO2H02 any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead,* are not decomposed. 
Acid sulphates (SO3H0K0, etc.) are converted at a bright red heat 
into normal sulphates, with evolution of strong sulphuric acid. 
Other metallic sulphates become decomposed more or less speedily 
on ignition, giving off sulphuric or sulphurous anhydride and 
oxygen, accord^g to the nature of the metal, e,g. : — 

2S02Feo" = Fe^Os + SO3 + SO2. 
SO2CU0" = CuO + SO2 + 0. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSic SDLPHATE, S02Ko2, may be employed. 

Sulphuric acid forms normal and acid sulphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. (A few basic sulphates are insoluble in 
water, but soluble in acids.) 

BaCl2 or N204Bao" gives a white finely divided precipitate of 
baric sulphate, S02Bao", insoluble in dilute acids. Care must be 
taken not to have too much free hydrochloric or nitric acid present, 
lest any of the baric salts be precipitated : baric chloride and nitrate 
being much less soluble in strong acids than in water. If a very 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
after the addition of the baric salt. 

This reaction distinguishes SO2H02 from all other acids, except hydro- 
fluosUicic acid, 2HF,SiF4, and selenic acid, Se02Ho2, which also form baric salts, 
insoluble in acids. 

Soluble salts of strontium, calcium, and lead produce white precipitates of 
«troiittc, calcic, and plumbic sulphates, which are more or less soluble in 
large quantities of water : SOjCao" being the most soluble (in about 500 parts 
of water), S02Sro" dissolving in 7,000 parts of cold water, and SOjPbo" in 
22,000 parts of water only. 

Since baric salts answer every purpose, recourse is rarely had to these 
reactions in order to detect sulphuric acid. The addition of alcohol (methylated 
spirit), ensures the complete precipitation of strontic, calcic, and plumbic sul- 
phates. Most soluble sulphates can, in fact, be precipitated from their aqueous 
solutions by the addition of strong alcohol. 

In order to detect free sulphuric acid, by itself, or in the presence of a sulphate, 
the solution is evaporated to dryness on a water-bath, together with a little cane 
sugar. A blackened or charred residue indicat.es yV*ee sulphuric acid, as no other 
acid is capable of decomposing cane sugar in like manner. 

An insoluble sulphate can be decomposed by continued boiling with a con- 
centrated solution of an alkaline carbonate : more readily, however, by fusion 

* Silver sulphate endures a low red heat with but little change. 
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with alkaline carbonates (fusion mixture), into a soluble alkaline sulphate, and 
sax insoluble carbonate or oxide of the metal, thus : — 

SOjBao" + CONaoKo = SOgNaoKo + COBao". 
SOsPbo" + CONaoKo - SOjNaoKo + PbO + CO3. 

The fused mass is extracted with boiling water, and the insoluble carbonate 
or oxide separated by filtration from the soluble alkaline sulphate. The residue 
is examined as usual for base, and the solution for sulphuric acid, by acidulating 
with dilute hydrochloric acid (in order to destroy the excess of alkaline carbon- 
ates), and adding baric chloride. Calcic sulphate dissolyes in ammonic sulphate 
and a little AmHo ; plumbic sulphate in ammonic acetate or tartrate, or in sodic 
hyposulphite. 

QUESTIONS AND EXERCISES. 

1. Classify all metallic sulphates according to their solubility in water. 

2. How are metalUc sulphates detected in the dry way ? 

B. Explain the action 01 heat upon the different metallic sulphates. 

4. How is free sulphuric acid detected ? 

5. Describe shortly in what manner SOgBao", S02Sro", S02Cao", and 

T SOsBao" differ from each other with regard to their solubiUty in water, 
and their respective deportment with various other solvents. 

6. How are insoluble sulphates examined qualitatively ? 



SULPHUROUS ACID, SOH02.— Obtained as gaseous ao- 
hydride, SO2, whenever sulphur is burnt in air or oxygen, or when 
metallic sulphides (pyrites, blende, galena, etc.), are roasted with 
free access of air ; also by the partial deoxidation of sulphuric acid 
by means of metals, such as Cu, Hg, Ag, of charcoal and various 
organic bodies, of sulphur, etc. The gas is readily soluble in water, 
forming sulphurous acid, which combines with bases, and forms a 
series of salts, normal or acid, termed sulphites : compounds strongly 
characterized by the tendency which they exhibit to absorb oxygen 
and to become converted into sulphates. 

REACTIONS IN THE DRY WAT. 

Sulphurous anhydride is recognized by its characteristic odour, 
the odour of burning sulphur. It combines readily with metallic 
peroxides, such as M11O2, Pb02 with formation of manganous and 
plumbic sulphates. In order, therefore, to remove SO2 from a 
gaseous mixture, the latter is usually passed over PbOj. 

Many soUd sulphites are decomposed by heat into sulphates and sulphides, 
thus: — 

4SONao2 = SSO^Naos + SNa2. 

The earthy sulphites break up, on heating, into oxides and sulphurous anhy- 
dride. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF SODIC SULPHITE, SONaozi may be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal baric, strontic, calcic, and magnesic sulphites are insoluble 
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in water, but are dissolved to a great extent, by a solution of sul- 
phurous acid, with formation of acid sulphites, from which the 
normal salts are reprecipitated on boiling. They are also soluble in 
dilute hydrochloric acid (with partial decomposition) ; but on the 
addition of an oxidizing agent, such as chlorine water, free iodine, 
sodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (S02Mgo" excepted). 

Sulphites generally contain sulphates as impurities. A precipitate consisting 
of baric sulphate is, therefore, frequently obtained on adding bai:ic chloride to an 
acidulat<?d solution of a soluble, or to a dilute hydrochloric acid solution of an 
insoluble sulphite. 

On filtering off the precipitate, and adding chlorine water to the filtrate, a 
further precipitate is obtained, showing the presence of a sulphite. 

Traces of sulphurous acid are distinguished with difficulty by the odour alone, 
and it is preferable, therefore, to make use of the deoxidizing, as well as oxidizing 
action which the acid can exert. 

1. Sulphurous acid acts as a powerful reducing agent. 

N02Ago gives with sodic sulphite a tohite precipitate of argrcntlc sulphite, 
S0Ag02, soluble in excess of the alkaline sulphite. The precipitate blackens on 
heating, owing to the separation of metaUic silver, and conversion of the SOK02 
into SO2H02, according to the equation : — 

S0Ag02 + OH2 = Ag2 + SO2H02. 

N204Hg2o" produces a grey precipitate of metallic mercury, thus : — 

SOHgao" + OH2 = Hg2 + SO2H02. 

The instances of the reducing action of sulphurous acid are very numerous ; 
its action upon solutions of AuCls, CrOaHoa, Pe2Cl6, and others, already noticed 
under the respective metals, need not be noticed here. 

2. Under favourable circumstances sulphurous acid acts as an oxidizing agent ^ 
especially when brought in contact with other more potoerful reducing agents^ 
such as nascent hydrogen, SH2, SnC]2, etc. Thus, by introducing the least trace 
of SOH02, or a sulphite, into a flask, in which hydrogen is generated from zinc 
and hydrochloric acid, SH2 is immediately evolved, together with the hydrogen, 
and may be recognized by its odour and action upon lead paper. The change 
may be expressed as follows : — 

SO2 + 3H2 = SH2 + 2OH2. 

SO2 and SH2 give rise to the formation of pentath ionic acid, with precipi" 
tation of white sulphur, according to the equation : — 

r SOoHo 
5SO2 + 5SH2 = i S3 + S5 + 4OH2. 

LSO2H0 

Pentathionic 
acid. 

Sulphurous acid added to stannous chloride in the presence of hydrochloric 
acid, gradually precipitates yellow SnS2. The hydrogen of the hydrochloric 
acid acts as the reducing agent, and is detached from the chlorine by the simul- 
taneous action of the SnOl2, and SO2, the one eager to combine with chlorine, 
the other capable of yielding oxygen to the hydrogen, to form water, and ulti- 
mately sulphur, to form SH2, which in its turn acts upon the stannic chloride, 
SnCl4 (or SnCl2), to form yeUow stannic sulphide, 81182 (or brown SnS). Ther 
following equations express the changes : — 

(1) SOH02 + 3SnCl2 + 6HC1 = 3SnCl4 + SHj + 30H«. 

(2) SnCli + 2SH2 = SnSs + 4H01. 

Yellow 
etannic sulphide. 
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QUESTIONS AND EXERCISES. 

1. Describe different methods of preparing sulphurous anhydride. 

2. What is the action of heat upon sulphites ? 

8. Which sulphites are soluble and which are insoluble in water? 

4. Qiye illustrations of the reducing action of sulphurous acid or of soluble- 

sulphites. 

5. Explain under what circumstances sulphurous acid can act as an oxidizing 

agent ; give instances of such action. 

6. How would you distinguish sulphurous in the presence of sulphuric acid ? 

7. What changes take place when a mixture of dipotassic dichromate and sodic 

sulphite is treated with concentrated HCl? Give equations. 



HYPOSULPHUROUS ACID, SSOHoj (sulpho • sulphuric 
add). — This acid has never been obtained in the free state. Com- 
bined with soda it forms an important salt, viz., sodic hyposulphite 
(the hypo, of the photographer), obtained by boiling a solution of 
sodic sulphide with sulphur, or by the oxidation of an alkaline per- 
sulphide in contact with the air. 

REACTIONS IN THE DRY WAY. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : — 

4(SSONao2) = SfiNa^ + SSOaNaog. 

Others yield sulphites or sulphates, with evolution of sulphurous 
anhydride, owing to the oxidation of a portion of the sulphur. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF SODIC HYPOSULPHITE, SSONaoj, is employed. 

Most hyposulphites are soluble in water (baric hyposulphite is 
difficultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite 
is gradually decomposed on boiling, the precipitate consisting of 
calcic sulphate and sulphur. The same decomposition takes place 
more speedily when hyposulphites are treated with sulphuric or 
hydrochloric acid. Sulphurous anhydride is evolved with separa- 
tion of sulphur. The precipitated sulphur is yellow, and not white, 
as is usually the case when sulphur separates in chemical reactions. 
This change characterizes hyposulphites. 

The same instability of the sulphur atom, occupying the place 
of an atom of oxygen in sulphuiic acid,* is observed, when hyposul- 
phites come in contact with salts, whose metals form with sulphur 
insoluble sulphides. 

N02Ago gives a white precipitate of argentic tayposulphlde, 
SS0Ag02, soluble in sodic hyposulphite, which speedily turns 

* Recent investigations (Deut. Chem. Ges. Ber., yii, p. 646) render it pro- 
bable that the composition of hyposulphite is not SSOR02, but S02Bs,Ro (E- =» 
monad metal). 
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yellow, then brown, and lastly black (SAg2), especially on the 
Application of heat, thus : — SS0Ag02 + OH? = SAg2 H- SO2H02. 

Mercurous nitrate and plumbic acetate give similar precipitates, 
which are decomposed by heat into HggS or PbS, and sulphuric 
acid. 

SnCU gives a hrown precipitate of SnS. 

Hyposulphites, like sulphites, are readily oxidized, but yield under 
certain conditions oxygen to more powerful reducing agents, and 
become thus oxidizing agents. 

Free chlorine, sodic liypochlorifce, ferric chloride, etc., oxidize hyposulphites 
-completely to sulphates, even in the cold, thus : — 

SSONaoj + 4CI2 + 50H-. = 2S02HoNao + 8HCi. 
SSONaoa + 4ClNao + OH2 = 2S02HoNao + 4NaCl. 

SSONao2 giyes with Fe2Cl6 at first a reddish-yiolet coloration (dippeeenck 
BETWEEN SULPHITES AND HYPOSULPHITES), but on standing, the solution is 
slowly decolorized (more readily on heating), with formation of FeCl2, thus : — 

SSONaog + ^FeaClg + SOHg = 2S02HoNao + 8FeCl2 + SHQ. 

Nascent hydrogen reduces hyposulphites to sulphides, which evolve with the 
Acid sulphuretted hydrogen : — 

SSONao2 + 4H2 + 2IIC1 = 2SH2 + SOHg + 2NaCl. 

Sodic hyposulphite is a useful solvent for AgCl (hence its appearance in photo- 
graphy), Hgr2Cl2 and SOaPbo". Calcic hyposulphite, SSOCao", has also found 
;an interesting application, as an agent for removing the last traces of chlorine in 
the bleaching of paper pulp, and from fabrics bleached by means of bleaching 
powdeVy to prevent their deterioration by the traces of chlorine which they are 
Apt to retain. It has on that account received the name of antichlor. The free 
hydrochloric acid which is formed in the reaction is neutralized by passing the 
fabrics through a weak alkaline bath. 

The property of sodic hyposulphite of dissolving AgCl has found an important 
metallurgical application in the removal of silver from poor argentiferous ores, 
iiiter they have undergone the process of roasting with common salt, which con- 
verts the silver into AgCl, insoluble in water. 

Besides the three oxygen acids of sulphur just described, there 

f SO Ho . . . r ^^2^^ 

.are others, such as dithionic, < Qr\*Tr > trithionic, < S , tetrO' 

IbUaMo LSO2H0 

rsOjHo rsOaHo 

thionic, < S2 and pentathionic adds, < S3 , which occur but 

[SOsHo tS02Ho 

rarely, and resemble one another considerably in their reactions. 
Their consideration must be reserved for a more extensive bourse of 
study. 

QUESTIONS AND EXEECISES. 

1. How is sodic hyposulphite prepared? 

2. How are hyposulphites affected by ignition ? 

.3. Explain the action of sodic hyposulphite upon plumbic, argentic, mercurous, 

and stannous salts. 
4. Give instances, 1st, of the reducing action, and 2nd, of the oxidizing action of 

hyposulphites. 
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5. State what application sodic sulphite has found in photography and in 

metallurgj. 

6. How would you separate baric hyposulphite from baric sulphate? 



HYDROSULPHURIO AOID, SHg.— Obtained as a colour- 
less gas by the decomposition of certain metallic sulphides, such as 
PeS, ZnS, Sb2S3, by means of sulphuric or hydrochloric acid. It 
is chaxacterized by a most foetid odour, resembling that of rotten 
eggs. It is absorbed by cold water, forming sulphuretted hydrogen 
water or hydrosulphuric acid, which reddens blue litmus-paper 
feebly. Hydrosulphuric acid exchanges its sulphur for the oxygen 
of most metallic oxides, both in the dry and wet way, forming water 
and metallic sulphides, and is on this account a most valuable 
reagent. Many of the native sulphides, e.g.^ iron pyrites, galena^ 
cinnabar, zinc blende, are met with in vast masses. 

BEACTIONS IN THE DRY WAY. 

Metallic sulphides are acted upon in various ways, when sub- 
mitted to heat. Some are decomposed, when heated in a close 
vessel, into metal and sulphur, e.g., AU2S3 ; some sulphides, such 
as PtSi, PeSz, Sb^Ss, SnSj, PbS, yield up a portion of their 
sulphur, and are reduced to PtS, Pe3S4, SbaSs, SnS, PbgS ; others 
sublime without decomposition, such as AS2S3 (orpiment), HgS 
(cinnabar). The greater number of metallic sulphides remain, 
however, undecomposed, when heated out of contact with atmo- 
spheric air. 

Most sulphides undergo a change when roasted in a tube open 
at both ends. SAgj leaves metallic silver (usually also a little 
SOsAgo,), the sulphur by combining with oxygen passes ofE a& 
SO2; some sulphides leave a metallic oxide, e.g., SnS, Sb2Ss, 
BijSs; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbic 
sulphide (galena) is converted into a mixture of oxide and sulphate ; 
cupric sulphide, when roasted at a high temperature, yields SO2 
and OuO ; at a lower temperature SO2CU0". PeS and other sul- 
phides of the iron group are partially converted into sulphates, 
which on the application of a stronger heat lose their acid, leaving 
metallic oxides. Many native metallic sulphides are distinguished 
for their metallic lustre, such as iron and copper pyrites, galena, grey 
antimony. The presence of a metallic sulphide cannot, however, be 
inferred conclusively from the evolution o£ SO2, since earthy sul- 
phites are broken up, on ignition, into oxides and sulphurous 
anhydride. 

BEACTIONS IN THE WET WAY. 

Alkaline and alkalirie earthy sulphides are soluble in water (OaS 
and MgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily into metallic chlorides and SH2. All other 
sulphides are insoluble in water. Several of the latter, such as PeS, 
MnS, ZnS, are decomposed by dilute hydrochloric acid with evolu- 
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tion of snlphuietted hydrogen. OilieTS require concentrated hydro- 
chloric acid, snch as MiS, CoS (difficnlUj solnbleX Sb^S,, SnS,, 
FbS. Sulphides which are insolnble, or difficultly soluble, in concen- 
trated hydrochloric acid, such as Bi^Ss, CnS, SAg,, PbS, As^Ss, are 
decomposed by concentrated nitric acid; they are generally oxidized 
into sulphates- — at first with separation of sulphur, which, by pro- 
longed digestion is for the most part converted into sulphuric 
acid. Others, such as HgS, PtS^, AUsS,. (As^Ss) dissolve in aqua 
regia, or hydrochloric acid and potassic chlorate, with separation of 
sulphur and formation of S02Ho2, and of a metallic chloride. On 
dissolving PbS, SnSs, SbzSa, As^Ss, in concentrated nitric instead 
of hydrochloric acid, they are converted principally into SOjPbo", 
SnOj, SbjOi, ASjOft. 

To detect SH2 (in an aqueous solvation) or a soluble sulphide (a 
solution of SAmj may be conveniently employed), add a solution of a 
salt of cadmium, lead, or silver, which gives by double decomposition 
a characteristic precipitate of a metallic sulphide : fine yellow for 
cadmium, black for plumbic or argentic salts. 

To analyse a sulphide decomposable by hydrochloric a4yid^ the 
evolved sulphuretted hydrogen gas is made to act upon lead paper 
or is passed through a solution of a plumbic salt. (Jron pyrUes^ 
PeS?, and copper pyrites, CUzSjFeaSa, give off SH2 only in the 
presence of hydrochloric acid and zinc.) 

Sulphides which are ru>t decomposed by hydrochloric acid, yield 
sulphur on treatment with nitric acid or aqua regia, and must be 
recognized by this and the products of decomposition, such as 
Sn02, S02Pbo", as well as the reactions which they give, when 
examined in the dry way. 

Mauy natiye sulphides, such as fahl ore, etc., are expeditiously examined by 
heating the finely -powdered mineral in a hard glass tube, in a current of dry 
chlorine gas, when the metals are conTerted into chlorides and the sulphur into 
volatile chloride of sulphur, which is decomposed on being passed into wat-er. 

To detect a soluble alkaline sulphide in the presence of free SH^, add a few 
drops of a solution of sodic nitroprusside. This reagent does not affect free 
SH2, but gives a fine purple colour with the merest traces of soluble sulphides. 
The colour disappears only after some time. It does not show in the presence of 
free caustic alkalies. 

A mixture containing a soluble alkaline sulphide, hyposulphite, sulphite, or 
sulphate may be examined by adding COCdo" to the aqueous solution. Filter, 
dissolve the excess of COCdo" in the precipitate by means of dilute acetic acid; 
a residue of yellow CdS indicates the presence of an alkaline sulphide. Add to 
the filtrate BaClj ; a precipitate is obtained, consisting of SO^Bao" and SOBao". 
Filter ofF ; digest the precipitate with dilute hydrochloric acid, and filter. A 
white residue shows the presence of an alkaline sulphate. Add chlorine water to 
the filtrate ; a precipitate of SOgBao" indicates the presence of an alkaline sul- 
phite. The filtrate from the BaCla precipitate is searched for SSOKoj by the 
>iddition of HCi and boiling. A precipitate of yellow sulphur and the odour of 
SO -2 inJicatea the presence of a hyposulphite. 

To remove SH2 from a gaseous mixture of CO2 and SHo, add a solution of 
cupric chloride and shake up with the gases. 

QUESTIONS AND EXERCISES. 

1. Which sulphides are soluble and which are insoluble in water ? 

%. Explain how certain sulphides are affected by dilute hydrochloric acid, and 
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how by concentrated hydrochloric acid. Give characteristic instances, 
and express the changes by equations. ■* 

3. Describe the most dehcate reaction for gaseous SHj, 

4. What is the action of nitric acid upon ZnS, PbS, CnS, SnS, SbjSs ? 

5. How would you prove the presence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution ? 

6. How can you prove the presence of SH2 in coal gas ? 

7. 10 litres of unpurified coal gas yielded '235 gmi. of CdS. What is the 

percentage of SH2 in the gas .'' 

8. What change takes place when FtSj, Sb2S5, FeS2, AS2S3, and HgrS are 

heated with exclusion of air ? 

9. How would you detect sulphur in pig iron ? 

10. Explain the action of chlorine, bromine, and iodine upon SHj ? 



NITRIC ACID, NO2H0.— Obtained as a colourless, highly 
corrosive, volatile liquid, of a deep yellow colour when it is mixed 
with nitrous acid. It is characterized by the facility with which 
if parts with its oxygen, and it is on this property that the detection 
of nitric acid or a nitrate depends. 

REACTIONS IN THE DRY WAY. 

Most nitrates fuse readily when heated. All are decomposed 
when exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base : a lower oxide of nitrogen 
And oxygen being generally given off. Thus ammonic nitrate, 
N02Amo, breaks up into ONj and OH2 ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali) with liberation of oxygen, and ultimately, on the application 
of a stronger heat, into oxide or peroxide — nitrogen and oxygen 
being given off ; others, such as plumbic nitrate, into O and N2O4, 
leaving the oxide of the metal. When heated together with bodies 
eager to take up oxygen, such as carbon (charcoal, alkaline cyanides, 
etc.), sulphur or phosphorus, the decomposition becomes explosively 
violent, and nitrogen gas only is left as the remnant of the molecule 
NqOs. (Chlorates explode in like manner, but leave metallic 
chlorides.) 

REACTIONS IN THE WET WAY. 

With the exception of a few basic salts, nitrates are readily 
soluble in water ; hence nitric acid cannot be tested in the usual 
way, by producing precipitates by way of double decomposition. 
When acted upon by various reducing agents, the deoxidation of 
the acid may be partial (accompanied by the evolution of lower 
oxides of nitrogen) or comjplete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia. 

1st. Reactions in which nitric acid is reduced to lovjer oxides of 
nitrogen. 

A SOLUTION OF NITRIC ACID OR OP POTASSIC NITRATE, NOgKo, may 

be employed. 

NO2H0 (or NO2K0) is decomposed when heated with concen- 
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fcrated hvdrochloric acid (or a chloride when heated with nitric 
acid^. Chloronitric ^s,* NtOsCU, is evolred, and the Hqnid aoq[nire& 
the power of dissolving gold-leaf or platinum foil, which are not 
soluble in single acids. (Chlorates, bromates, iodates, chromates, 
and permanganates eTolve chlorine when treated with hydrochloric 
acid ; they dissolve gold or platinnnt, bnt give off no NsOj.) 

Add to a dilnte solation of ferrons sulphate cantionslj its own 
volume of concentrated snlphnric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 
two layers, of a violet, red, or dark brown colour, according to the 
quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, but it disappears on heating. This 
is owing to the formation of a transient compound of the ferrous 
salt with N,0, = (4S0jFeo",N2O0. The other three atoms of 
oxygen from two molecules of nitric acid oxidize six molecules of 
ferrous into three molecules of ferric sulphate, SjOsFezO^. This con- 
stitutes one of the most delicate reactions for nitric acid. The 
change may be expressed thus : — 

lOSOjFeo" + 3S0,Ho, + 2N0,Ho = 3S,0.Fe^^ 
+ 4S0J?eo ',N20, + 40H,. 

A solution of a nitrate, when added to a solation of indigo in sulphmic acid 
(solphindigotic acid) , changes the hlue colour of the indigo to yellow. (Free 
chlorine and other oxidizing agents hleach indigo likewise) . 

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy fumes, and by potassic nitrate on the addi- 
tion of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitrate 
and hjdric potassic sulphate and fused in a test-tube or crucible. 

Minute quantities of nitrates found in mineral waters, in rain 
water, or water draining from arable land, may be detected by first 
reducing the nitrate to nitrite. This is effected by heating the solu« 
tion for some time with a little ziuc amalgam. On filtering and 
adding to the filtrate a solution of ferrous salt, a dark brown colora- 
tion is obtained ; or by adding a drop of a solution of potassic iodide, 
some freshly prepared cold starch solution, and a little acetic (or 
very dilute sulphuric) acid, a fine blue precipitate of iodide of starch 
is produced, thus : — 

2NOKo -H 2KI + 2S02Hoa = N2O2 -h 2SO,Ko, -h I, + 20H,. 

This reaction is exceedingly delicate. 

2nd. Reactions in which nitric acid is entirely reduced, and its 
nitrogen converted into amtnonia. 

All nitrates when fused with caustic potassa, lime, or soda-lime, 

* From the recent inyestigations of Tilden (Chem. Soc. Joum., July, 1874, 
p. 634) it appears that Qay-Lussac'^ N2O2CI4 gas is a mixture of nitrosyl mono<^ 
chloride, NOCl, with yarjing quantities of chlorine. 
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fmd some nou-nitrogeiioas organic substance, such as sugar or starch, 
evolve ammonia, thus :— 

'GNOjKo + I8KH0 + C,,HooO„ = I2COK02 + GNHs + llOHa. 

Sugar. 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
jEinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
ihe formation of ammonia, thus :— 

(1) Zn + 2KHo = ZnKoa + Hj. 

(2) NO2K0 + 4H2 = NH3 + KHo + 2OH2. 

When stannous chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency of the stannous chloride to combine 
with two more atoms of chlorine to form stannic chloride, aided by 
the oxidizing action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic chloride and ammonia, 
thus : — 

4SnCl8 + NO2K0 + lOHCl = 4SnCl4 4- NH4CI 4- KCI + 30H,. 

To detect free nitric acid in the presence of a nitrate, evaporate the solution 
on a water-bath with quill cuttings or white woollen fabrics. Nitric acid colours 
these substances yellow. Or digest the solution at a gentle heat with COBao", 
filter off and test the filtrate for barium by means of sulphuric acid. 

QUESTIONS AND EXERCISES. 

1. Explain what changes take place when nitrates are heated by themselyes. 

2. State what action takes place when ferrous, cuprous, and mercurous chlorides 

are heated with nitric acid. 
.3. Why can the metals Cu, Pb, Ag, be employed for the detection of nitric acid 

or a nitrate ? 
4u Explain what changes take place when a solution of pota^sic nitrite, potassic 

iodide, starch, and dilute acetic acid are mixed together. 
5. How can ammonia be obtained from a nitrate ? Describe several processes. 
^. How would you test for nitrates in a soil, in sewage water, in mineral 

waters? 
7. How is free nitric acid detected in the presence of a nitrate ? 



NITROUS ACID^ NOHo.— Both the acid and anhydride are 
marked by their proneness to undergo decomposition in the presence 
^f water, into nitric acid and nitric oxide. 

REACTIONS IN THE DEY WAY. 

Nitrites fuse and are decomposed on ignition into oxides, with 
-evolution of nitrogen and oxygen. Ammonic nitrite (NOAmo) 
breaks up when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur, and other oxidizable bodies, 
nitrites deflagrate like nitrates, with which they have, in fact, most 
-of the diy reactions in common. 



114 NITROUS ACID. 

EEACTIOKS IN THE WET WAY. 

All nitrites are soluble in water; argentic nitrite, NOAgOr 
although readily soluble in hot water, is difficultly soluble in cold 
water (300 parts), and serves for the preparation of pure nitrites, 
by double decomposition with neutral soluble chlorides. Dilute 
acids liberate N2O2 and convert a portion of the nitrite into nitrate^ 
thus : — 

3NOKo + SO2H02 = N2O2 + NO2K0 + SO2K02 + OH2. 

The reactions by which the presence of nitrous acid can be* 
readily recognized, may be divided into two classes : — 

1st. Reactions in vjhich the acid a^ts as an oxidizing agent : — 

SH2 d330inp08es aqueous solutions of alkaline nitrites, with formation of 
NjOo (of NH3 when the reaction goes on for some time) and alkaline sulphides,, 
thus : — 

2NOKo + 2SH2 = N2O2 + 2OH2 + S2K2. 

In acid solutions the decomposition is accompanied hy a copious separation 
of sxdphur. 

FeClo, on the addition of a little hydrochloric acid, is turned dark hrown, if 
a nitrite be present, owing to the absorption of N2O2 gas by a portion of the 
unoxidized ferrous salt. On the appHcation of heat N2O2 is evolved, thus : — 

2FeCl2 + 4HC1 + 2NOE:o = Fe2Cl6 + 2KC1 + N2O2 + 2OH2. 

N0(NH40) breaks up on the application of heat, into Nand OH2, the hydro- 
gen of the NK4 acting as the reducing agent. Nitrites containing fixed bases are 
decomposed in like manner, on the addition of ammonic cliloride (or some other 
ammonic salt), thus : — 

COAmoa + 2NOKo = N4 + 4OH2 + COKoj. 

EI and starch solution give in the presence of a nitrite and a dilute acid blue- 
iodide of starch. (See under HI, p. 125.) 

When a dilute solution of a nitrite — say a polluted well-water — ^is added to a 
cold saturated solution of sulphate of diamidobenzoic acid and the nitrous acid 
liberated with a few drops of dilute acid (SO2H02), the solution acquires an 
intense yellow colour. As little as ^ mgr. of N2O3 diffused in one litre of water 
can thus readily be discovered. 

2nd. Reactions in wMch the acid a/its as a reducing agent^ and i& 
converted into nitric acid, thus : — 

2NOHo + 02 = 2NO2H0, 
AnOls and Hfir2Cl2 give metallic gold and grey metallic mercury. 
I MnO^^OKoi *^^^2es nitrites into nitrates in the presence of a mineral 

acid (SO2H02, HCl and the permanganate solution is rapidly decolorized. 

Cr205Ko2 is reduced under similar conditions to a chromic salt. Nitrates 
are not aJffected by potassic permanganate or alkaline chromates. 

Pb02 converts NO Ho into NO2H0 ; but does not act upon dilute NO2H0 
(distinction between niteous and niteic acid). 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when N2O4 is acted upon by KHo. 

2. What is the action of dilute sulphuric acid upon NOKo ? 

3. What are the products of decomposition of strongly ignited NoOjPbo'V 

N0(NH40), and NOKo ? 
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4. How can a trace of a nitrite be detected in the presence of a nitrate? 

5. Explain the action of heat upon a solution of -wQ^ao'^ and AmOl. 



HYDROCHLORIC ACID, HCl.— Gaseous hydrochloric acid 
is readily absorbed by water, and forms then one of the most useful 
acids. Chlorides are among the most important chemical compounds. 
They differ considerably in their physical properties. 

REACTIONS IN THE DRY WAY. 

Some chlorides are liquid and can be distilled without decom- 
position, such as SnCU, SbCU; SbCls is a soft grey crystalline 
fusible solid which distils at 226° C. ; others are solid, fusible and 
non-volatile at a moderate heat, such as AgCl, PbCU, BaCU, KCl, 
NaCl. Upon ignition certain chlorides, such as AuCla, PtCl4, are 
decomposed with evolution of chlorine gas, first into AuCl, and 
PtCl2, which are almost insoluble in water, and finally into Au and 
Pt. Magnesic chloride is decomposed by heat, in the presence of 
water, into magnesic oxy-chloride, Mg30Cl2, with elimination of 
2HC1. Anhydrous ferric chloride, when heated in contact with 
air, is decomposed into PegOs and SCh. 

Heated in a bead of microcosmic salt, saturated with cupric 
oxide, chlorides impart a blue colour to the outer flame, owing to 
the formation of volatile CuCU. 

When a dry chloride is mixed with dipotassic dichromate and 
concentrated sulphuric acid, and gently heated in a small retort, a 
deep hrownish-red gas, called ctalorochroinic acid, Cr02Cl2, comes off,, 
which condenses to a like-coloured liquid, and can be collected in a 
receiver. The reaction which takes place is expressed by the 
equation : — 

4NaCl + Cr205Ko2 + SSOgHoj = 2Cr02Cl2 + 2S02Nao2. 

Chlorochromic acid 
(Cbromic oxychloride) . 

-f SO2K02 4- 3OH2. 

This liquid is speedily decomposed, on dilution with water, into 
chromic and hydrochloric acids, thus : — 

Cr02Cl2 + 2OH2 = Cr02Ho2 + 2HC1 ; 

or by aqueous ammonia or potassic hydrate into the corresponding^ 
salts. The presence of chromic acid, and indirectly of hydrochloric 
acid, is inferred from the yellow precipitate which a plumbic salt 
produces with their solutions. This reaction is employed for re- 
cognizing a chloride in the presence of a bromide. The latter yields 
bromine when treated similarly, and a colourless solution of 
NH4Br. 

The presence of an iodide, yielding free iodine, would give rise 
to the formation of explosive black insoluble iodide of nitrogen, on. 

I 2 
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the addition of NHs ; the reaction can, therefore, onlj be performed 
after the previous removal of the iodide. 

KEACTIONS IN THE WET WAY. 

A SOLUTION OP SODIC CHLORIDE is employed. 

All chlorides may be divided into : — 

1st. Chlorides insoluble in water, snch as AgCl and HgjCU, 
which are quite insoluble; PbCla, soluble in 135 parts of cold water, 
readily soluble in boiling water ; and CU2CI2, almost insoluble in 
water and in dilute sulphuric acid ; soluble in ammonia, HCl and 
NaCl solutions. AuCl and PtCU are almost insoluble in water. 

2nd. Chlorides which are soluble in water, comprising all other 
chlorides. The majority of the chlorides of the most powerfully 
basilous metals, as K, Na, Ba, etc., are less soluble in aqueous 
HCl, than in OH,. 

The chlorides of the less basilous metals (with the exception of 
Hg and Ag) are decomposed by water, with formation of free acid 
and metallic oxides, ex. gr. AsCl,, or of some insoluble oxychloride 
(SbCls, Bids), soluble, however, in excess of HCl. 

NOsAgo gives & white ci^rc?^ precipitate of argentic ehlorlde, AgCl, 
especially from a solution acidulated with dilute nitric acid. The 
precipitate turns violet on exposure to light. It is insoluble in 
dilute nitric acid ; soluble in ammonic hydrate, but is reprecipitated 
unchanged, on the addition of nitric acid ; it is likewise soluble in 
potassic cyanide and sodic hyposulphite ; soluble to a considerable 
extent in alkaline chlorides, from which AgCl is reprecipitated on 
dilution. Argentic chloride fuses without undergoing decomposi- 
tion, to a horn-like mass, called hornsilver, when gently heated. 

Chlorides are detected also by heating with a little black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

MnOj + 2NaCl + 2SO2H02 = CI2 + S02Mno" + SO^Naoj 

-f 2OH2. 

This gas is readily recognized by its characteristic odour and 

bleaching properties, its yellowish- green colour, and its action upon 

iodized starch paper, or upon a dilute solution of potassic iodide and 

freshly prepared starch solution, giving rise to the formation of blue 

iodide of starch. 

Concentrated sulphuric acid liberates gaseous hydrochloric acid 
from chlorides, thus : — 

2NaCl + SO2H02 = S02Nao2 + 2HC1. 

HgCla, Hg2Cl2, AgCl, PbCU, SnCl2, and SnCl*, are decom- 
posed, with difficulty only, or not at all, by concentrated sulphuric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgCl, Hg2Cl2, and PbCl?, they are mixed with fusion mixture, 
perfectly free from alkaline chlorides, and heated in a porcelain 
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crucible. The chlorine is thereby transferred to the alkali metals, 
and may be readily detected by means of argentic nitrate in the 
aqueous extract, after acidulating with dilute nitric acid. The 
same may be effected also by galvanic action, by bringing the solid 
chlorides into contact with metallic zinc, when soluble ZnCU is 
formed. 

Traces oifree HCl, in the presence of a Boluble chloride, are best detected 
by gently heating with MnOj or PbO^, and passing the evolved chlorine into a 
solution of potassic iodide and starch. The chlorine liberates iodine (2KI + 
CI3 = 2KC1 + I2), which forms with the starch blue iodide of starch. 

QUESTIONS AND EXERCISES. 

1. How are the several solid chlorides acted upon by heat ? 

2. How is chlorochromic acid prepared ? 

3. Classifv all chlorides according to their solubihty in water. 

4. DescriDe the most characteristic tests for chlorine, as well as for hydrochloric 

acid or chlorides. 

5. How would you detect free HCl in the presence of a metallic chloride ? 

6. You have given to you 100 c.c. of a Hquid containing free HCl and a solu- 

tion of sodic chloride. 50 c.c. of the liquid gave 2*345 grms. of AgCl. 
After evaporation and ignition of the other 50 c.c. the residue yielded on 
precipitation with argentic nitrate 1*596 grm. of AgCl. What is the per- 
centage of HCl and of sodic chloride in the liquid I 



CHLORIC ACID, < q-tj- . — Obtained in combination with 

calcium, by passing chlorine through a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solution of the calcic chlorate, formed according to the equation : — 



6CaHo, -f 6CI2 = 



roci 

> QCao" + 5CaClo + 6OH2, 

(oci 



add a solution of potassic chloride, when calcic chloride and potassic 

chlorate, < q^ , are formed bj double decomposition. Potassic 

chlorate, being little soluble in cold water, and still less so in a 
solution of calcic chloride, crystallizes out, and is washed with cold 
water and purified by recrystallization. 

REACTIONS IN THE DRY WAY. 

All chlorates are decomposed by heat; they fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the 
greater or less affinity of the metal for oxygen or chlorine, leaving 
a residue, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a few crystals of potassic chloride in a test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. On dissolving the fused mass in water, 
and adding a drop of argentic nitrate, a white curdy precipitate is 
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obtained, whilst a solution of a pure chlorate (nnignited) gives no 
precipitate. 

Chlorates part with their oxygen far more readily, npon ignition, 
than nitrates. When mixed with oxidizable substances, snch as C, 
S, P, or KCy, they explode violently, even when gently mbbed 
together in a mortar, or when moistened with a drop of concen- 
trated solpharic acid. Care should, therefore, be taken not to 
powder, or heat together, a chlorate with organic substances. 

BEACTIOKS IX THE WET WAY. 

A SOLUTION OF POTASS ic CHLORATE may be employed. 

All chlorates are soluble in water. Strong hydrochloric and snl- 
phnric acids decompose chlorates, with evolntion of chlorine and 
formation of lower oxides of chlorine. 

Concentrated sulphuric acid decomposes potassic chlorate even 
in the cold, a greenish-yellow gas, called cU«rle peroxide, O4CIS, 
comes off, which is recognized by its suffocating odour. On the 
application of heat (especially on operating with somewhat large 
quantities) violent explosions occur. A few small crystals only of 
the chlorate should, therefore, be employed, and the test-tube should 
be held with its mouth turned away from the operator. The change 
may be expressed by the equation : — 

3 S rt^ + 2SO,Ho, = 2SO,HoKo + ^ + < 0, + OH,. 
l"^*' lOKo loci 

Potassic Chloric 

percUorate. peroxide. 

HCl, especially when heated, decomposes potassic chlorate, 
giving off a mixture of chloric peroxide and free chlorine, called 
euchlorine, thus: — 

^{oKo "^ ^^^^^ = 3<^ O2 + 9Clo + 8KC1 + 120Hj. 

A solution of indigo (snlphindigotic acid) is decolorized on the 
addition of a solution of a chlorate and a little sulphuric acid, by a 
reaction analogous to that produced by free nitric acid. 

Perchlorates are more stable than chlorates. Concentrated sul- 
phuric acid fails to decompose perchloric acid in the cold and with 
difficulty only on heating. (Distinction from chloric acid.) Hydro- 
chloric, nitric, and sulphurous acids do not decompose aqueous 
solutions of perchlorates, nor is indigo solution decolorized. All 
perchlorates are soluble in water, most of them freely. Potassic 
perchlorate is sparingly soluble in water, insoluble in alcohol. 

In order to distinguish a nitrate from a chlorate, dissolve a small portion 
of the two salts in water, and add a few drops of argentic nitrate to make sure 
that no chloride is present. Ignite another portion strongly till the evolution of 
oxygen ceases ; allow to cool, and dissolve out with hot water. To one portion of 
the solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
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white curdy precipitate indicates the presence of a chloride, and, indirectly, of a 
chlorate. To the other portion of the solution add potassic iodide and starch 
^ution, and then a few drops of acetic acid ; a blue coloration of iodide of starch 
proves the presence of a nitrite, deriyed from the potassic nitrate. 

If a chloride be present ^ as well cu a chlorate and nitrate, a solution of arg^tic 
sulphate must be added to the solution, as long as a precipitate comes down. The 
AgOl is filtered off, and the filtrate evaporated to dryness, with the addition of a 
little pure sodic carbonate, and the residue strongly ignited. The dry mass is 
extracted with a littl6 boiling water, filtered, and argentic nitrate added to a por- 
tion of the acidulated (ITOaHo) solution, as long as a precipitate comes down. 
The remaining portion is tested for nitric acid, either by the iodide of starch 
reaction, or by means of a ferrous salt and sulphuric acid. 

QUESTIONS AND EXEBOISES. 

1. State briefly how potassic chlorate is prepared. 

2. Describe the changes which potassic chlorate undergoes on ignition^ 

3. Explain the action — 1st, of concentrated sulphuric acid ; 2na, of concentrated 

hydrochloric acid upon potassic chlorate. G-ive equations. 

4. How can a chlorate be detected in the presence of a chloride ? 

5. How can a nitrate and a chloride be recognized in the presence of a chlorate ? 



HYPOOHLOROUS ACID, ClHo.— The salts which ihis 
«<3id forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Of im- - 
portance are the sodic and calcic hypochlorites, which are obtained 
along with the corresponding chlorides,* by passing chlorine m the 
cold through a solution of the carbonates or hydrates. An im- 
portant compound closely related to the hypochlorites is the calcic 
chlorohypochlorite (a constituent of chloride of lime or bleaching 
powder^) f which appears to be formed according to the equation : — 

CaHoa + Clj = Ca(OCl)Cl + OHj. 

Hypochlorites are gradually decomposed on exposure to air 
{owing probably to the action of the carbonic anhydride contained 
in air). Dilute acids liberate chlorine, and it is on this account 
that hypochlorites are of such great value as dismfectants and 
bleaching agents. 

REACTIONS IN THE DEY WAT. 

' Hypochlorites are converted into chlorates (which give off 
oxygen when ignited), and chlorides, thus : — 

♦ f OCl 

^Cao" + 5CaCl2. 
OCl 



6Ca(0Cl)Cl = 



* In the case of the monad metals the body W^OCl^ is a mere mixture of ClKo 
and BCl, whilst the calcic compound seems to be a definite compound of ClsOao'' 
and OaCla = 2Ca(0a)Cl. 

t The actual composition of this important body is usually expressed by the 
formula: — Oa (OCl) Cl,CaO,20H2, requiring 32*42 p. c. of cUorine, more imjcu- 
rately, however, by that of Oa(OCl)Cl,OaHo2, which requires 85*32 p. c. of 
ishlorine* 
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EBACTIONS IN THE WET WAY. 

A SOLUTION OF CALCIC OR soDic HYPOCHLOEiTE, ClNao, may he 
used. 

All hypochlorites are soluble in water. Their aqueons solutions 
bleach vegetable colours. On heating or evaporating dilute solu- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solutions into chlorides and oxygen. Dilute 
hydrochloric acid decomposes them with evolution of chlorine. 
(Distinction between hypochlorites and chlorates.) Hypochlo- 
rites yield oxygen to readily oxidizable substances, and become 
converted into chlorides; the detection of hypochlorous acid is 
based upon the various processes of oxidation to which its salts can 
give rise, thus : — 

ASgOa is oxidized to As206. 

MnOl2 „ „ MnOj. 
PbO „ „ PbOa. 

PbS „ „ SO^Pbo". 

{§8ho " » 200,4- OH. 
Indigo or litmus is readily decolorized. 

QUESTIONS AND EXERCISES. 

1. G-ive the graphic formula for calcic chlorohypochlorite. 

2. Q-ive illustrations of tlie oxidizing action of hypochlorites. Express the^ 

changes by equations. 

3. How is bleaching powder prepared ? 

4. What change takes place — 1st, when a hypochlorite is ignited by itself j 

2ndly, when a concentrated solution of a hypochlorite is boiled ? 

5. How can a hypochlorite be distinguished in the presence of a chloride ? 



HYDROBBOMIO AOID^ HBr.— The element bromine occurs 
in natnre mainly in combination with the fixed alkalies and the 
metals of the alkaline earths (calcinm, magnesium), forming salts, 
called bromides, which resemble the chlorides of the same metals 
very closely, and from which we derive both bromine and hydro- 
bFomic acid. 

REACTIONS IN THE DET WAT. 

Most bromides remain unaltered when ignited ; others are vola- 
tilized without decomposition. AuBra and PtBr* are decomposed 
upon ignition into metal and bromine, which latter volatilizes. Many 
bromides are acted upon when ignited with free access of air, and 
are converted into oxides and free bromine ; others again, such as 
Al2Br6, etc., are decomposed, on evaporation of their aqueous solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KCl and NaCl, on repeated ignition 
with ammonic chloride. When fused with hydric potassic sulphate, 
bromides are decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromide* of 
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the heavy metals are converted into soluble alkaline bromides by 
fnsiou with alkaline carbonates. 

Heated before the inner flame of the blowpipe on a bead of microcosmic salt, 
in which a little cupric oxide has been diffused, bromides impart a blue colour to* 
the flame, which passes into green^ especially at the edges. This distinction 
between chlorides and bromides is, howeyer, not very marked. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF POTAS.sic BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into : — 

1st. Bromides which are insoluble in water, such as AgBr, 
'Hg'2Br2,PbBr2 (less soluble in water than PbCl2), and — 

2nd. Bromides which are soluble in water, comprising all other 
bromides. 

Certain bromides, e.g., SbBra, BiBrs, are decomposed by water 
into insoluble oxybromides and hydrobromic acid. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an argentic (mercurous or plumbic) salt to the solution, 
when a yellowish-white precipitate of argentic bromide, AgBr, is 
formed, which is insoluble in dilute nitric acid, somewhat soluble in 
concentrated ammonic hydrate, readily soluble in potassic cyanide or 
sodic hyposulphite. By decanting the supernatant liquid, washing 
with a little water, and treating the precipitated argentic bromide 
with strong hydrochloric acid, reddish-brown fumes of bromine are 
evolved which colour starch paste yellowish. (Distinction between 
AgBr AND AgCl.) 

Insoluble bromides, such as AgBr, Hg2Br2, PbBr2, are best 
decomposed by heating in an ignition-tube with alkaline carbonates 
(free from chlorides). The aqueous extract is tested for hydro- 
bromic acid, and the insoluble residue for silver or lead. Hg2Br2 ' 
gives a sublimate of metallic mercury. 

In the absence of any well-marked distinguishing features in the 
argentic bromide precipitate, it is preferable to liberate bromine 
from soluble bromides, and to cause the reddish-brown vapour to act 
upon starch paste with formation of yellowish bromide of starch. 

Nitrous acid (or a nitrite and dilute sulphuric acid) does not 
liberate any bromine from pure soluble bromides. (Distinction 
between bromides and iodides.) All bromides are, however, de- 
composed by chlorine, with evolution of bromine, which remains 
dissolved in the aqueous solution. On shaking with a little ether, 
the bromine is taken up by the ether, forming a yellowish-red 
liquid, which floats on the top of the saline aqueous solution. This 
ethereal liquid may be removed by means of a small pipette, and 
on being treated with potassic hydrate is converted, on evaporation, 
into potassic bromide and potassic bromate, thus : — 

3Br2 4- 6KH0 = 5KBr + | ^^^ + SOHj. 

Bromine is obtained from natural bromides, such as potassic. 
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tnaguesic, and calcic bromides, by reactions analogous to those 
employed for the preparation of chlorine from common salt (page 
1 16) : for instance, on distilling with manganic oxide and concen- 
trated snlplmric acid, thns : — 

2K:Br -h MnO, -h 2SO2H02 = Br, + SOjKo, + SO^Mno" + 20H^ 

or by distilling a bromide with dipotassic dichromate and solphorie 
acid, thns : — 

6KBr 4- Cr.OsKo. + 7SO,Ho2 = 3Br, + SaOsCr^^ + 4SO»Ko, 

+ 70H,. 

A mixture of a bromide and 
manganic oxide, or dipotassic 
dichromate is introduced into a 
tubulated retort (Fig. 15), with 
concentrated sulphuric acid, 
diluted with its own weight of 
water, and gently heated over a 
gas flame. The reddish-brown 
vapour of bromine passes over, 
and condenses in a flask (wbicli 
should be kept cold by a stream 
of water, or better still, in a 
vessel surrounded with ice (to a 
reddish-brown heavy liquid). 

Concentrated sulphuric acid 
alone evolves hydrobromic acid, 
together with bromine and sulphurous anhydride, thus : — 

4KBt + 3SO2H02 = Br2 + 2HBr + 2SO2K02 -h 2OH2 + SO,. 

Concentrated nitric acid evolves bromine, together with nitrous 
fumes, thus : — 

2KBr + 4NO2H0 = Brjj -|- 2N08Ko -f- N2O4 -h 2OH2. 

In the last two reactions the sulphuric and nitric acids act as 
oxidizing agents, performing in fact the functions of the manganic 
oxide and dipotassic dichromate in the former reactions. 

It is obvious that the hydrogen may also be removed from hydrobromic acid 
(or the metal from a metallic bromide) by other oxidizing agents, such as per- 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish-brown liquid, of disagreeable odour, 
resembling the odour of chlorine. It boils at 63° C, and volatilizes 
at the ordinary temperature. Bromine vapour bleaches vegetable 
colours like chlorine gas. It is difficultly soluble in water, some- 
what more soluble in alcohol, and readily soluble in ether to a 
yellowish-red liquid. 

Bromine (like chlorine) is an oxidizing agent, i.e., it is eager to 
combine with hydrogen, and is capable of decomposing water, 
sulphuretted hydrogen, etc., under favourable circumstances (e.g.. 




Fig. 15. 
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flnnliglit), with liberatioii of oxygen, sulpliur, etc. We avail our- 
selves of this tendency to prepare liydrobromic acid, which cannot 
be obtained pure by distilling a bromide with sulphuric acid. By 
passing sulphuretted hydrogen through bromine suspended in 
water, a colourless solution of hydrobromic acid is obtained, and 
flulphur separates, thus : — 

Brs 4- SH2 = 2HBr -f S. 

This solution always contains some sulphuric acid, owing to a 
secondary reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3Br2 -f 4OH2 + S = 6HBr + SO^Hoj, 

from which the hydrobromic acid is separated by distillation. 

It will be inferred from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidizing 
bodies, such as phosphorus, metallic hypophosphites, sulphites, 
hyposulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to distinguish a bromide in the presence of a chloride^ argentic nitrate 
is added gradually and with continuous agitation to the solution, acidulated with 
A little dilute nitric acid. AgBr is precipitated first, and by filtering ofP, as soon 
iis the precipitate appears white — an indication that the whole of the bromide 
has been precipitated, and that AgCl begins to fall out — the two acids may ba 
roughly separated. 

In like manner it is sometimes useful to separate, or practically to concen- 
trate, small quantities of bromides and also iodides, for in a mixed solution of 
chlorides, bromides and iodides, the iodine falls out first as yellow Agl, the 
bromine next as yellowish- white AgBr, and the chlorine last, as white AgCl. 
With care and patience, a fair approximate fractional separation may be 
effected. 

It is, however, preferable to employ the reaction described at page 115, viz., 
joi distilling a mixture of a dry chloride and bromide with dipotassic dichromate 
find concentrated sulphuric acid, and of obtaining chlorochromic acid and bro- 
mine, the former being decomposed by water into Cr02Ho2 and HCl. The 
bromine remaining unchanged, can be removed by ether. On adding AmHo 
to the bromine solution, a colourless liquid containing ammonio bromide and 
bromate is obtained. 

QUESTIONS AND EXERCISES. 

iL. Describe a method by which bromine can 'be obtained from a soluble bro- 
mide. 
%, Classify all bromides according to their solubility in water. 

3. Describe the most characteristic tests for bromine, and for HBr. 

4. Explain the action of chlorine, dilute HCl, concentrated SO2H03, concen- 

trated NOjHo, and of POHog* upon potassic bramide. 

5. How is HBr distinguished from HCl ? 

«6. What takes place when bromine, phosphorus, and water are brought toge- 
ther? 

7. Explain the action of SH2, SONao2, and SSONao2 upon bromine suspended 
in water. 

B. G-ive the atomic and volume weights of bromine and of hydrobromic acid. 
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r oT?T 

BROMIC ACID, '(Q-n- . — Obtained in combination with, potassium bj" 

adding bromine to a moderately concentrated solution of potassic hydrate. 
Fotassic bromate crystallizes out from the slightly yellowish coloured liquid, and 
is purified from potassic bromide by washing with water and recrystallization. The 
reaction takes place according to the equation : — 

3Br2 + 6KH0 = 5KBr + | ^^^ + 3OH2. 

The free acid is obtained by decomposing baric bromate with dilute sulphuric 
acid. 

BEACTIONS IN THE DBY WAY. 

All bromates are decomposed by heat. Some, e.g.^ the alkaline bromates, 
fuse and eyolve oxygen, leaving a bromine ; others, such as zincic and magnesic 
bromates, leave an oxide and give o:ff oxygen and bromine ; others, again, leave an 
oxide and a bromide, e.g.y plimibic and cupric bromates. When mixed with 
readily oxidizable substances, such as carbon, sulphur, etc., bromates deflagrate. 

REACTIONS IN THE WET WAY. 

{OBr 
OK * 

All bromates are soluble in water. Argentic and mercurous bromates are 
difficultly soluble. 

Dilute sulphuric, nitric, or phosphoric acid liberates bromic acid firom its 
salts, which, liowever, exhibits great instability and breaks up into bromine, 
oxygen, and water. 

Bromates are readily broken up by deoxidizing substances, such as sulphurous 
and phosphorous acids, sulphuretted hydrogen, etc., with formation of sulphuria 
and phosphoric acids, sulphur and water, and liberation of bromine. A mixture 
of potassic bromide and bromate, when acted upon by dilute acids, is decomposed 
into bromine and water, thus : — 

6KBr + I ^1^ + 6HCI = SBrj + 3OH2 + 6KC1. 

The weak affinity of bromine for oxygen is, moreover, i-endered apparent on 
boiling bromine with such powerful oxidizing agents as nitric acid, potassic chlo^ 
rate or manganate, which are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by precipitation 

f OBr 
with N02Ago ; the v:hite arirentic bromate, -I q - , gives off bromine on 

being treated with HCl. The residue which bromates and chlorates leave on 
ignition may also be tested by any of the methods described under hydrochloric 
and hydrobromic acids. 



HYDRIODIO AOID, HI.— Occurs in nature in the form of 
soluble iodides (KI, Nal, Mgis, Calg), in sea water, in the ashes of 
marine plants, in some mineral springs, from which bodies iodine is 
obtained, by processes similar to those employed for the extractioii 
of bromine from bromides. 

REACTIONS IN THE DRY WAY. 

Most iodides undergo decomposition when heated by themselves^ 
either with or without exclusion of air. Auls and Ptl^ give ofE 
iodine, and leave the metals ; others are partially decomposed, giving 
off iodine, and leaving an oxide of the metal. The alkaline iodides. 
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however, can be heated to fusion, without undergoing any decora- 
position. Ignition with amnionic chloride converts iodides only 
partially into chlorides. On fusing cupric oxide in a bead of micro- 
cosmic salt, and introducing a little potassic iodide into the bead and 
heating in the inner blowpipe flame, the outer flame becomes of a 
jme emerald-green colour, 

BEACTIONS IN THE WET WAY. 
A SOLUTION OF POTASSIC IODIDE, KI, is USed. 

All metallic iodides may be divided into — 

1st. Iodides insoluble in water, such as Agl, Hg2l2, Hgl3, PbT2, 
CUal2 (Bila, Aula, PtI*), and Pdlj, and— 

2nd. Iodides soluble in water, comprising all others. The 
iodides of the heavy metals are less soluble than the 
corresponding bromides or chlorides. 

Soluble iodides may be examined in two ways — 

1st. By precipitation or conversion of the soluble into insoluble 
iodides^ 

NOgAgo gives a yellowish -white precipitate of arireiitic iodiile, 
Agl, insoluble in dilute nitric acid, almost entirely insoluble in 
ammonic hydrate (distinction between HI and HCl, OR HBr) ; 
soluble in potassic cyanide. 

N204Hg2o" gives a yellowish- green precipitate of mercurous 
Iodide, Hg2l2, very slightly soluble in water, insoluble in dilute 
nitric acid, soluble in potassic iodide. 

HgCla gives a beautiful vermilion-red precipitate of mercuric 
Iodide, Hglj, little soluble in water, soluble in alcohol, and soluble 
also in excess either of mercuric chloride or of potassic iodide. 

I < po^j^Pbo" gives a bright yellow precipitate of plumbic iodide, 

Pblj, soluble, like the chloride, in hot water (120 parts), from which 
it crystallizes out, on cooling, in beautiful shining yellow scales ; 
soluble in dilute nitric acid. 

SO2CU20" (cuprous sulphate), obtained by treating SO2CU0" 
with SOH02, produces a dirty white precipitate of cuprous iodide, 
CU2l2 insoluble in water, sparingly soluble in HCl, soluble in am- 
monic salts and free NHs. This precipitate is of particular interest, 
because chlorides and bromides cannot be precipitated in like manner, 
and because it serves frequently for removing iodides from dilute 
solutions containing chlorides and bromides. 

2nd. By liberating iodine, and causing the iodine vapour to act 
upon starch paste. This may be effected in several 
ways. 

On mixing a dilute solution of potassic iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution 
of potassic nitrite, iodine is instantly liberated, and may be detected 
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by the yellowish-brown tint it imparts to the solution, or better still 
by allowing it to act upon 2k freshly -prepared solution of starch, ta 
which it imparts 2i,jme Hue colour, owing to the formation of iodide 
of starch. This is one of the most deUcate tests. The reaction 
serves equally well for the detection of NOHo (comp. page 114), or 
NO2H0, after reducing to NOHo (see page 112), thus : — 

2KI -h 2NOK0 -h 4HC1 = I2 + 4KC1 -h N2O2 + 20H,. 

A solution containing free iodine may also be shaken up with a 
few drops of carbon disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid containing a lower oxide of nitrogen, acts like a 
nitrite. 

Bromine or chlorine (or what amounts to the same, ClNao and 
HCl, or metallic peroxides or perchlorides, e.g., BaOa, PbOj, M11O7 
and HCl, or FCjCle and HCl), liberates iodine from iodides. Ac- 
cording to the quantity of iodide employed, iodine separates either 
as a bluish-black powder, forming a brown liquid, or in the form 
of deep violet fumes, which condense to beautiful fern-leaf shaped 
crystals. 

The methods adopted for the extraction of iodine from metallic 
iodides are aU based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidizing agent and sulphuric acid, e.g. : — 

2KI -h MnOg -h 2SO2H02 = I2 -h SOaMno" -h SO2K02 -h 

2OH2, or 

6KI -h CraOsKoj + 7SO2H02 = 8X2 + SaOeCraO^ + 4S02Koa -f- 

7OH2. 

• Concentrated acids, such as SO2H02, or NO2H0, decompose 
iodides with separation of bluish- black scales of iodine and evolu- 
tion of SO2 or lower oxides of nitrogen, thus : — 

2KI -h 2SO2H02 = I2 -h SO2K02 + SO3 + 2OH2. 
2KI -h 4NO2H0 = I2 + 2NO2K0 + N2O4 -f 2OH2. 

On fusing an iodide -^-ith SO2H0K0, iodine is likewise liberated^ 
thus: — 

2KI -h 4SO2H0K0 = 3SO2K02 + SOa + I2 + 20Ha. 

On examining for traces of iodine by acting upon an iodide with chlorine, 
excess should be carefully avoided, as the iodine is oxidized by the chlorine to 
colourless iodic acid, which does not yield the blue colour of iodide of starch, or 
the violet colour of the carbon disulphide solution. The blue colour of iodide 
of starch is destroyed by various reducing agents, such as SO,, SHj, A82O3, 
SnCl2, and Hg'2Cl2, or by any organic reducing body. Alkalies destroy the 
colour, dilute acids (even acetic acid) restore it again. On heating iodide of 
starch the colour disappears, but reappears on cooling. 

The destruction of the blue colour of iodide of starch by various reducing 
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agents is due to the decomposition of water by the iodine, with formation of HI, 
the oxygen being transferred to the reducing agent, thus : — 

SOH02 (a dilute solution) + Ij + OHj = SO2H02 + 2HI. 

SHo + I2 = 2HI + S. 

AsHoa + I2 + OH2 = 2HI + AsOHog. 

Hydriodic acid is usually prepared by acting upon iodine sus- 
pended in water (or dissolved in hydriodic acid), with a current of 
SH2. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. Its aqueous 
solution absorbs oxygen from the air, water being formed and 
iodine liberated, which dissolves in the undecomposed hydriodic 
acid, and imparts a brown colour to the liquid. 

Insoluble iodides may be fused with alkaline carbonates, or 
decomposed galvanically by means of metallic zinc. The aqueous 
extract is examined for iodine, and the residue for the metal. 

QUESTIONS AND EXERCISES. 

1. How would you extract iodine from Msrl2 ? Q-ive several methods, and 

express the changes by equations. 

2. Explain the action of heat upon solid iodides. 

8. Classify all iodides according to their solubility in water. 

4. Explain how you would distinguish HCl, HBr, and HI, when occurring in 

one and the same substance. 

5. Explain the action of iodine vapour upon starch. 

6. Why is it preferable to liberate iodine by means of N2O3, instead of by 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid? 

8. Explain how you would distinguish free iodine in the presence of an 

iodide. 

9. What action takes place when a dilute solution of SO2 acts upon iodine, and 

how can iodine be made the measure for SO2 and vice versa ? 
10. 10 litres of a mineral water yield '134 grm. of Agl ; how much iodine is- 
there in 100,000 parts of the water ? 



IODIC ACID, ■< QTT . — Potassio iodate is obtained, like the corresponding 

chlorate and bromate, by dissolving iodine in potassic hydrate. The iodate crys- 
tallizes out first, being much less soluble than KI. The free acid can be prepared 
by decomposing baric iodate with sulphuric acid, thus : — 

fOI 

I ° Bao" + SOjHoj = 2 •{" ^^o + SOjBao". 

LOI 

Iodic acid is also obtained by the action of strong boiling nitric acid upon 
iodine, or by passing chlorine through iodine suspended in water. 

BEACTIONS IN THE DEY WAT. 

' All iodates are decomposed upon ignition, some breaking up into an iodide, 
with evolution of oxygen ; others into metallic oxides, iodine and oxygen being 
expelled. When heated with charcoal they explode less violently than chlorate!^ 
or bromates. 
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BBACnoyS IN THE WET WAY. 

A SOLUTION OP POTA88IC lODATE, -! Q-g- , U lised. 

Alkaline iodates alone are soluble in water . 

BaClj gives a white precipitate of baric lodate, nearly insoluble in water 
And difficultly soluble in dilute nitric acid. 

NOgAgo produces a white crystalline precipitate of arsrentic iodate, 
sparingly soluble in water and in dilute nitric acid, readily soluble in amnionic 
hydrate (distinction fbom HI). On the addition of a reducing agent, e.^., 
SOH03, ^ ^^6 clear amDioniacal solution of argentic iodate, a precipitate of A^I 
is obtained, thus : — 

{ OA o ■*" ^®^^^ ^ -^g^ + 3SO2H0J. 

Potassic iodate is decomposed by SH3, with formation of potassic iodide and 
sulphuric acid, and precipitation of sulphur ; by SOH03, with separation of 
iodine, which (by the decomposition of water) is converted into hydriodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids («.^., acetic 
acid), with liberation of iodine. Traces of an iodate in potassic iodide can, there- 
fore, be detected by means of the delicate iodide of starch reaction. 

Iodates which give off iodine when they come in contact with various re- 
ducing agents, e.^.y SO3, SSONaoa, SnCl^, differ, however, in a marked manner 
from chlorates and bromates by remaining unacted upon by concentrated sul- 
phuric acid, unless the action be as;»isted by deoxidizing agents, such as ferrous 
salts, etc. Instead of acquiring a less stable character by the interposition of the 
atoms of oxygen between the iodine and potassium, potassic iodate,* and still 
more so periodate (obtained by passing chlorine through an alkaline solution of 
potassic iodate), is capable of resisting the action of sulphuric acid &r more 
feadily than potassic iodide. Periodates are, in fact, not reduced by the ordinary 
reducing agents by which iodic acid is reduced, except by SH3. 



HYDROFLUORIC ACID, HF.— Occurs in nature in com- 
bination chiefly with calcium in the mineral called^worspar (Derby' 
sliire spar), CBiF2; also as double fluoride of aluminium and 
sodium in cryolite, 6NaF,Al2F6. It is, moreover, met with in 
ceTt&mnatv/ral phosphates, e.g., coprolite, fossil bones, wavellite, and 
in a few silicates, e.g., topaz, mica, hornhlemde. 

BBACTIONS IN THE DBY WAT. 

Heated out of contact with the air, most fluorides remain un- 
cbanged. Volatile fluorides can be distilled ; but when heated in 
a moist atmosphere, or if wat«r be added, they are decomposed into 
oxides (oxyfluorides) and hydrofluoric acid. The changes which 
fluorides undergo in the dry way are of two kinds. 

1st. Thefliioride gives off hydrofluoric add gas, which corrod.es gluss, 
— By beating a fluoride containing water in a piece of combustion 
tubing, open at both ends, before the blowpipe, the glass around the 

* J. Thomson (Deut. Chem. Ges. Ber., vii, p. 112) deduces from the dif- ' 
ferences observed in the solubility of chlorates and bromat«s, compared with 
that of iodates, also the formation, by preference, of acid salts with the alkali 
bases, and the facility with which iodic anhydride can be prepared directly, by 
heating the hydrated acid, that iodic acid must be viewed as a dibasic acid, and 
he assigns to it tlie formula : — I20«H2, or r'T04(OH;2, and he derives periodic 
acid, HsIOeHj, or HaI04(OH)2, by replacing the triatomic iodine atom by Hs. 
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•flaoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic salt with the flaoride, and holding the 
tabe in a slightly slanting position. 

By heating a mixture of a fluoride with hydric potassic sulphate 
in a test-tube, HF is disengaged, thus : — 

CaF, -h 2S0,HoKo = SOaCao" -fSOjKoj + 2HF, 

The gas corrodes the upper part of the tube on account of its action 
upon the silica of the glass, with which it forms a gaseous compound, 
silicic fluoride, SiF4, thus : — 

4HF + SiO, = SiF4 + 2OH2. 

2nd. Thefiuoride is decomposed by hydric potassic sulphate in the 
preseri'Ce of a horate, with formation of volatile boric fluoride, BFj. — 
By heating a mixture* of powdered hydric potassic sulphate and 
fused borax with the finely powdered fluoride, on the loop of a 
platinum wire, in a clear flame of a Bunsen gas lamp, boric fluoride 
is disengaged, imparting a beautiful yellowish-green colour to the 
flame, which is highly characteristic, although very evanescent. 

REACTIONS IN THfi WET WAT. 

Employ A SOLUTION op sodic fluoeide, NaF. 

Most metallic fluorides are solid; others, again, such as the 
fluorides of the metals whose higher oxides possess acid properties, 
form volatile, fuming, highly corrosive liquids, or are gaseous at 
the ordinary temperature. 

Fluorides are either soluble in water and more or less crystalline, 
such afi KF, NaF, AmF, Ag¥, SnFj, Fe.Fe, HgF^, AljFe, or 
insoluble or very sparingly soluble in water, and amorphous when 
obtained by precipitation, e,g,, CaF,, BaFz, PbFj, ZnF,, CuF,. 

The reactions which a soluble fluoride gives by double decom- 
position with solutions of salts, whose metals form insoluble 
fluorides, are not very characteristic. 

BaCl2 produces a bulky white precipitate of baric fluoride, BaFj, 
soluble in hydrochloric acid and in much ammonic chloride. 

CaCl2 (or CaHo2) gives a gelatinous translucent precipitate of 
calcic fluoriile, CaFg, which becomes visible by the addition of 
ammonic hydrate. CaF2 is slightly soluble in cold hydrochloric or 
nitric acid, difficultly soluble in boiling hydrochloric acid, less 
soluble in acetic acid, insoluble in free hydrofluoric acid, soluble to 
some extent in ammonic chloride. 

N02Ago produces no precipitate. (Distinction between HF 
AND HCl.) 

It is preferable to test for HF by the reactions based upon the 
formation of gaseous SiFi or BF3. 

AU fluorides (soluble or insoluble) are decomposed on heating 

" • 10 mol. of SO3H0K0 ( = 10 X 136). 
3 mol. of CaFs ( « 3 x 78). 

1 mol. of B40(Na02 202. 

K 
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with concentrated sulphuric ncid, with disengagenieiit of HF, % 
metallic sulphate being left, thos : — 

CaF, + SOiHoi = 2HP + SO,Ck>". 

The cxprrinieDt ia bat pcribtmed by 
tnating the fliuride with mlpliiine ttid in 
k tinmll leaden e>q> heated orer s «Bler-bUh 
(ilg. 16), mud oOTuwcted with • JTikn itUl 
and C-tobe, ramxuided with iee, for tbe 
eondauatioii (rfthe acid. 

Hj-droflnoric acid gas is highly 
CorrosiTe, and should not be inhaled. 
If it comes in contact with silica {e.g., 
in glass), SiF. is formed. The glass 
becomes corroded or etched, 

Iti aetion upon glua maj be ghown alao bj eoTenng a platinniD CTudble con- 
taining a little finelj powdned fluoiide uid ronoentrsted ndidiDne acid, with a 
jnece of glan, t.g., a watch-glan. Tbe Tapoar of the erotred h^dioSuoric acid 
corrodee the glafls. The action of the hydroflDone moA becomeB apparent when 
the eIbh i> cohered with ■ thin Ujer of melted wax, and tome deaign H:rat<!hed 
on the waxed »ide with a pointed instminent. The n» acta upon the unpro- 
tected portion of the glsH. To prcTent the melting of the wax, a little cold water 
ii kept on the w«tch-gla«e. The d™gn will be fonnd etched more or leee deeply 
into the glsH, after the temoral of the wax. Mere tisceii of a flnonde are thus 
detected, and as do other eubatance attacks glass similaHj, the reaction is per- 
fectly cbamctaiiLic for hTdrofluoric acid. It should be remembered, howeier, 
'* ' '' softer kinds of glaea are liable to be corroded by the rapour of urdinair 
' ' "" ' ■' * -.■■■>>. ■ jlaes-bidb 

If the flaoride contains much silica, snlphnric acid disengages 
silicic flnoride iust«ad of hjdroflnoric acid, which does not attack 
glass ; bnt when passed into water — beat by letting the delivery- 
tnhe dip into a little mercory — it is decomposed into hjdrofioo- 
silicic acid and into SlHoi, thoe : — 

SSiFi + 40H, = SiHo4 + 2(2HF,SiF4). 
This reaction is employed for deteetiog flnorine in silicates, or if 
applied to fluorides which are free from sOica, some finely powdered 
qoartz or glass is first mixed with the fluoride, before treating with 
snlphnric acid, and paraing the silcic flnoride into wat«r. 

Ihe experiment tnt.y be perTormed in a glass flask or small stone-wan bottle, 
prorided with a wide deliverj-tube, which dips under mermi^ contained in a 
small porcelain cup at the bottom of a beaker or glass cj'llader. Care should be 
taken that the inside of the deliverj-tube remains perfectlj dry, when the t«- 
cejiTiDg Tessel is filled with water. A miitnre of one port by weight of flnelj 
powdered fluorspar, and one bj weight of fine sand is introduced into the glas* 
or stone-ware vessoL Seven to eight parts by weight of oil of Titriol are added, 
and tbe whole shaken up together and gentlj heated upon a sand- (or water-) 
bath. Each bubble of the eTolved SlF,, on passing through the water, is decom- 
posed, with separatiou of gelatinous silica, which after a time fills the whole ghtas 
vessel in the form of a dense jelly. The silica is separated by stnining through 
a cloth from the hidrofluosihcic acid, which may be returned to the glass cylindor, 
and a fresh quantity of SIF^ passed through, till tJie acid solution has beccmw 
sufficiently concentivted. 
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Silicates containing fluorides wliich are not decomposed by sulphuric acid, are 
fused with four parts of fusion mixture. The fused mass is extracted with water 
and filtered. The filtrate contains the fluorine in the form of alkaline fluorides 
together with alkaline silicates. On slightly acidulating with dilute hydrochloric 
acid to decompose the excess of fdkaline, carbonates, and then digesting with 
ammonic hydrate, SIH04, is precipitated, which can be filtered off, leaving the 
alkaline fluoride. On adding CaHoj or CaCl], and (£gesting at a gentle heat, a 
gelatinous precipitate of CaFj is obtained, which is filtered off, dried, and 
examined. If phosphoric acid be present, the precipitate contains PjOsCao^s, 
as weU as CaF,, which does not, however, interfere wilh the disengagement of 
hydrofluoric acid gas. 

Insoluble fluorides, «.^., CaFj, are not completely decomposed by fusion with 
alkaline carbonates, unless SIO3 be present. 



QUESTIONS AND EXERCISES. 

1. "Which are the most important natural compounds of fluorine ? 

2. What changes do solid fluorides undergo when heated by themselves ; 2ndly, 

when mixed with microcosmic salt or hydric potasMC sulphate ? 

3. How is BF3 formed, and why does it furnish us with a characteristic reaction 

for fluorine, or vice versd far boron ? 

4. Classify fluorides according to their solubility in water. 

5. How is hydrofluoric acid gas prepared ? ExpMn its action upon glass. 
B. How would you test for small quantities of a fluoride ? 

7. Explain the action of concentrated sulphuric acid i^>on a. fluoride containing 

much SiO}. 

8. How can fluorine be detected in a mineral containing a silicate wliich is 

not decomposed by sulphuric acid, some phosphate, and traces of a 
fluoride ? 



HTDR«FLIJ«SIL1CIC ACID, 2HF,SrF4.— Obtained by passing bilicic 
fluoride into water and separating the precipitated silica by filtration. 

It forms salts, called silicofluorides, or fluosilicates, on acting upon metallic 
oxides, hydrates, or metals, such as Fe or Zn (these latter with evolution 
of hydrogen), of which the potassic and baric silicofluorides are the most inte- 
resting. 

BEACTIONS IK THB DBT WAT. 

Silicofluorides are decomposed by heat into fluorides, with disengagement of 
silicic fluoride. 

BEACTIONS: IV THB" WET WAT. 

A CONCENTBATBD SOLUTION: OP" THE ACID may be employed. 

On evaporating a solution of hydrofluosilicic acid in a platinum vessel, it 
TolatUizes, and is decomposed into SIF4 and 2HF. The acid ought not, there- 
fore, to be heated in a glass vessel.. 

A few silicofluorides, e.g., 2KF,SiF4, 2NaF,SiF4, BaF2,SiF4, are difficuUlif 
soluble in water, and are rendered quite insoluble by the addition of alcohol. 
Most other metallic silicofluorides are readily soluble in water. 

BaCls precipitates translucent crystalline baric sllicolluoriile, BaF2,SiF4, 
which falls out very readUy. The precipitation is complete on the addition of 
an equal volume of alcohol. Strontium is not precipitated from concentrated 
solutions. (Distinction between babium and stbontixtm.) 

KCl gives a translucent gelatinous precipitate of dlpotassic sUlcofluoriile, 
2KF,S1F4. 

AmHo separates SIH04 and forms AmF. 

On heating a metallic silicofluoride with concentrated sulphuric acid in a 
platinum crucible, covered with a watch-glass, the glass becomes corroded or 
etched. 

E 2 
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QUESTIONS AND EXERCISES. 

1. How is 2HF,SiF4 prepared ? 

2. "What decomposition takes place when silicofluorides are heated — Ist, by 

themselyes j 2ndly, with concentrated SO2H02 ? 

3. How is BaF^, SiFf obtained ? 

PHOSPHORIC ACID, POHos.— This acid is never met with 
in the free state in nature, but invariably in combination with 
bases, such as CaO, MgO, AI2O3, FeO, FejOj, PbO, as hone- 
dsh, somhrerite, coprolite, apatite, wagnerite, wavellite, vivianite, pyro- 
morphite, etc. 

EE ACT IONS IN THE DRY WAT. 

Most anhydrous metallic phosphates, when mixed with dry 
CONao2 and lamp-black, and heated together with metallic sodium 
or magnesium in a narrow ignition- tube, yield phosphides of these 
metals, recognizable by the smell of PHs which is given off when 
they are moistened with water. 

Normal phosphates of fixed bases are not decomposed upon 
ignition. Mono- and di-hydric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thus : — 

(1) 2POHoNao2 = PaOsNao* + OH2. 

Sodic 
pyrophosphate. 

(2) POHozNao = POaNao -f OH,. 

Sodic 
metaphosphate. 

Fusion with caustic or carbonated alkalies converts pyro- and 
metaphosphates into normal or orthophosphates. Boiling with 
concentrated acids (NO2H0) effects this conversion likewise: 

Alkaline earthy phosphates are only partially decomposed by 
fusion with alkaline carbonates ; most others, e.g., magnesic, ferric, 
zincic, nickel ous, manganous, cupric phosphates are completely de- 
composed. The solution contains trisodic and tripotassic phosphates. 
I P202Al20^ can only be decomposed by fusion with sQicic anhydride 
or sodic silicate (water-glass) and fusion mixture,* being converted . 
into sodic aluminic silicate and trisodic phosphate. (Comp. p. 38.) 

REACTIONS IN THE WET WAY. 

Employ a solution of hydric disodic phosphate, POHoNaoi. 
All phosphates may be divided into — 

1st. Phosphates which are soluble in water, comprising the 
alkaline phosphates only ; their solutions react alkaline ; 
and 

2nd. Phosphates which are insoluble in water, but soluble in 

* One part of SiOs, together with six parts of fusion mixture. 
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mineral acids (some also in acetic acid), comprising all 
other metallic phosphates. 

The following are some of the more important reactions by 
double decomposition : — 

BaCU yields a white precipitate of hydric baric phosphate, 
POHoBao", difficultly soluble in ammonic chloride, soluble in nitric 
or hydrochloric acid. 

CaCl2, or SOjCao" produces a white precipitate of hydric calcic 
(or tricalcic) phosphate, POHoCao", readily soluble in mineral 
acids;* soluble in acetic acid, after being freshly precipitated; 
slightly soluble in ammonic chloride. 

S02Mgo" (or better still MgCl2) in the presence of AmCl and 
AmHo produces a white crystalline^ quickly subsiding precipitate of 
ammonic mavnesic phosphate, POAmoMgo'' + 6 aq., insoluble in 
ammonic hydrate, readily soluble in acids, even acetic acid. A 
highly dilute solution of sodic phosphate is only precipitated after 
some time. The precipitation is promoted by stirring and allowing 
the liquid to stand in a warm place, when the precipitate is seen to 
adhere, in the form of white streaks, to those parts of the glass 
yessel which have been touched by the glass rod. Arsenic acid 
gives an analogous precipitate. 

This is the most important reaction for POHos; it is almost 
invariably resorted to, both for the recognition of magnesia and 
phosphoric acid. 

NOsAgo gives a light yellow precipitate of triarireiitlc phosphate, 
POAgOs, soluble in ammonic hydrate and in nitric acid. 

( I CO^)^^^^' ' plumbic acetate, produces a white precipitate of 

plumbic phosphate, P202Pbo''3, readily soluble in nitric acid, almost 
insoluble in acetic acid, as well as ammonic hydrate. If the pre- 
cipitate is fused before the blowpipe on charcoal, the bead appears 
crystalline on cooling ; no reduction to the metallic state takes place. 

P62C1« gives a yellowish-white gelatinous precipitate of ferric 
phospiiate, P202Fe20^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supernatant solution, since the precipitate is somewhat soluble 
in excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid resulting from the 
reaction, which would otherwise dissolve some of the precipitate. 

When phosphoric acid has to be removed from a phosphate dissolved in 
hydrochloric acid, e.^., from the alkaline earthy phosphate, PaOjCao^a, the free 
acid is nearly neutralized with ammonic hjdrate or ammonic carbonate, and 
then sodic acetate added, which, by double decomposition with the free hydro- 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced by a slight excess of ferric chloride, is absolutely insoluble. The mix- 
ture is heated nearly to boiling ; a reddish-brown precipitate is obtained, which 
contains the whole of the phosphoric acid, together with some basic ferric acetate. 

• "BiOiOsjo"^ + 4NO2H0 =- P202Ho4Cao" + 2^^2080". 

Soluble tetrahydric 
calcic diphosphate, reprecipitated by AmHo. 
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It must be filtered hot, and washed with hot water ; the filtrate contams the 
alkaline earthy bases as chlorides. — (Comp. also p. 38 and 39.) 

Small quantities of phosphoric acidy in the presence of large amounts of a 
ferric salt, such as we meet with in solutions of iron ores, of pig iron, steel, etc., 
are best removed by first reducing the ferric to ferrous salt by boiling with 
SOHbAmo, or SOj solution, neutralizing with CONaoj, and lastly with sodic 
acetate and precipitation with a few drops oi ferric chloride (or by reoxidizing 
a small portion ox the ferrous salt by the addition of a little chlorine water, or a 
drop or two of bromine). The whole of the phosphoric a(ad is usually pre- 
cipitated in this manner. ' Loss arising from the solvent action of ferric acetate 
is avoided, as ferrous acetate does not dissolve ferric phosphate. 

This method is employed with advantage in the examination of iron ores, etc< 
The precipitate is filtered hot, redissolved in dilute HCl, and the phosphoric 
acid precipitated in the presence of citric or tartaric acid, AmCl and AmHo, by 
means of magnesic sulphate. 

AsOHos exhibits with ferric chloride a similar reaction, and has, 
therefore, to be separated from an acid solution, by boUing with 
SOHoAmo and precipitation by a current of SHa gas. 

SmaXl traces of phosphortcs (phosphoric acid), usually found in 
soils, iron ores, in pig iron, steel, sheet copper, etc., may also be 
precipitated after dissolving the ore or metal in hydrochloric and 
nitric acids, whereby the phosphorus is converted into POH03, and 
after driving off the excess of acids by evaporation and taking up 
the residue with concentrated nitric acid, by adding a solution of 
ammonic molybdate and concentrated nitric acid ; the silicic acid 
is separated by the evaporation to dryness ; and arsenic acid, if 
present, should be first removed by sulphuretted hydrogen. On 
digesting the solution at a gentle heat (60° C.) for some time 
(hours if necessary), and stirring with a glass rod, a bright yellow 
precipitate of animonlc phospho-molybdate is obtained. 

The constitution of this precipitate is not well understood ; it 
contains molybdic acid, ammonia, and phosphoric acid* . (about 
3 per cent.). By washing the yellow precipitate with a solution of 
ammonic molybdate, and lastly with a solution of ammonic nitrate, 
and then dissolving it in ammonic hydrate, filtering, and adding 
S02Mgo", AmCl, and AmHo, the phosphoric acid is obtained as 
POAmoMgo". 

White of egg (albumen) is not coagulated by tribasic phosphoric acid, nor by 
a solution of an orthophosphate acidulated with acetic acid. 



PTROPHOSPHORIC ACID, P2O3H04. — Pyrophosphates are obtained 
by heating monohydric phosphates. They are of Uttle importance, however, 
since they are not usually met with in natural compounds, and as they are speedily 
converted, by the action of acids or alkaUes, into tribasic phosphates. 

BEAOTIOI^S IN THB WBT WAT. 

Employ A soLrTiON of sonic pteophosphatb, P20aNao4. 

Alkaline pyrophosphates are soluble in water. 

All others are insoluble in water, but soluble in dilute acids. 

The presence of a soluble pyrophosphate is indicated on adding NOjAgo, 
which gives a white precipitate of argentic pyrophospliate, P208Ag04, soluble 
in nitric acid and ammonic hydrate. 

* M0O3, 90-7 P.O. 5 PaOj, 31 P.O. J OAmj, 3-6 P.C. ; and OHj, 26 P.O. 
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Alhumen is not coagulated by the free acid, nor by an acetic solution of a 
pyrophosphate. 

Mo02Amo3 (amiiioiile niolylidate) does not give a precipitate until by the 
action of mineral acids the pyrophosphate has been converted into tribasio phos- 
phate. 

METAPHOSPHORIG ACID, POsHo, is distinguished from the tetra- 
and tribasic acid as follows : — 

Albumen gives an abundant white precipitate with the free acid, and with 
soluble metaimosphates, on the addition of acetic acid. 

SOjMgo , AmCl and AmHo fail to precipitate soluble metaphosphates. 

NOjAgo produces a white precipitate of arircntic metaphospliate. 

In the ordinary course of analysis both pyro- and metaphosphates are con- 
verted into tribasic phosphates, ana their tetrabasic and monobasic nature is lost 
sight of. They can, therefore, only be detected by special experiments. 

PHOSPHOROUS ACID, PHoj (tribasic). — Phosphorous anhydride is 
obtained by the slow oxidation of phosphorus on exposure to dry air at the ordi- 
nary temperature. By combining with water it forms a very weak acid, and 
with hydrated alkalies alkaline phosphites. 

BKi.CTIONS IN THE DBT WAT. 

Heated by themselves on platinum foil, phosphites are decomposed, burning 
with a bright flame. Heated in a retort they evolve hydrogen, mixed towards 
the end of the decomposition with PH3, and are converted into phosphates. 

REACTIONS IN THE WET WAT. 

A SOLUTION OP soDio PHOSPHITE, PHoNaoj, may be employed. 

Alkaline phosphites are soluble in water. 

All other phosphites are, for the most pa/rt^ difficultly salable or insoluble in 
ftHiter^ but soluble in acetic acid (plumbic phosphite excepted) . Phosphites (as 
well as hypophosphites) are of interest mainly on account of the powerful reducing 
action which they exert upon salts of various metallic oxides, capable of forming 
lower oxides, or of being reduced to the metallic state, as well as upon the lower 
oxides, etc., of metalloYds, e.g.^ SOj. 

N02Ago is reduced thereby to metallic silver, especially in the presence of 
ammonia and on the application of a gentle heat. 

HsrCls and N204Hg02'', are reduced to H8rjCl2 and metallic mercury. 

SO3 forms a phosphate with liberation of sulphur and evolution of SH9. 

Nascent hydrogen yields a mixture of H2 and PHs which fumes in the air and 
bums with an emerald-green colour. When passed into a solution of argentic 
nitrate, the gaseous mixture precipitates PAgj and metallic silver. 

The difficultly soluble phosphites of Ba, Oa, Pb, etc., are obtained by double 
decomposition, the latter salt being insoluble in acetic acid. 

HTPOPHOSPHOKOUS ACID, POH2H0 (monobasic).— Obtained by the 
action of alkalies or hydrates of the alkaline earthy bases upon phosphorus and 
water. 

P4 + 8OH2 + 3KHo = 3POH2K0 + PH,. 

REACTIONS IN THE DBT WAT. 

Hypophosphites are decomposed upon ignition into pyrophosphates and PHj. 

4POH2K0 - Pa03Ko4 + 2PH3 -f OH2. 

REACTIONS IN THE WET WAT. 

A 80LTJTIOK OF P0TA8SI0 HTPOPHOSPHITE may be employed* 
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All hypophosphites are soluble in water. They constitute even more powerful 
reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 
SO2H02 is reduced to SOH02, partly even to sulphur. 
S02rhio" is reduced to metallic copper (cnpric hydride). 
HfirOls is reduced to HflTjCl^, and then to mercury. 
A11CI3 and NOjAgo yield the pure metals. 
Zn '4- SO2H02 (nascent hydrogen) yield H3 and PHg. 

In the ordinary course of analysis, both phosphorous and hypo- 
phosphorous acids are converted into phosphoric acid, and they 
must therefore be identified by the special reactions just described. 

QUESTIONS AND EXERCISES. 

1. How does phosphoric acid occur in nature ? 

2. Explain the action of heat upon POHoaNao, POAmoMgo", and 

POHoAmoNtto. 

3. How are meta- and pyrophosphates converted into trihasic phosphates? 

4. Classify all phosphates, pyrophosphates, phosphites, and hypophosphites 

according to their solubility in water. 

5. How is phosphoric acid removed from alkaline earthy phosphates F 

6. State how you would detect phosphoric acid in a soil or iron ore ; or phos- 

phorus in metallic copper or cast iron. 

7. What is the approximate composition of ammonic phospho-molyhdate ? 

8. Which reactions enable us to distinguish between trihasic, tetrabasic, and 

. monobasic phosphates ? 

9. How would you prepare POH2H0 and (POH2)«Cao" ? 

10. How are calcic phosphite and potassic hypophosphite acted upon by heat ? 

11. What are the products of oxidation obtained on burning PH^ in air? 

12. How can potassic hypophosphite be detected in the presence of potassic 

phosphite and phosphate ? 

13. How would you prepare gaseous PH3 ? What is its action upon solutions 

of cupric sulphate and argentic nitrate ? 

14. Give symbolic and graphic formulae for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cupric phosphide. 

15. Express by a symbolic equation the change which POH3H0 undergoes when 

it is acted upon by SO2H02, by SO2CU0", or by A11CI3. 

16. How would you convert bone-ash into a soluble calcic phosphate (into 

P202Ho4Cao" — a constituent of calcic superphosphate) ? 

17. 5*4 grms. of cast iron yielded '046 of P203Mgo"2 > what is the percentage of 

phosphorus in the iron ? 

V 

SILICIC ACID, ^mo^,— Silicic anhydride err silica, SiOj, 
occurs in nature both in a cnjstalline and amorphotis condition, 
either in the free or combined state. Quartz and roch crystal are 
composed of almost pure crystalline silica. Opal, hyalite, and some 
other minerals consist of amorphous silica, and are probably derived 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony, agate, flinty are principally com- 
posed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK2, ONa2, 
CaO, MgO, AI2O3, FeO, MnO, are exceedingly numerous, and 
vary to a very great extent in their constitution and properties. 

REACTIONS IN THE DBY WAY. 

Both varieties of silica are characterized by their infusibility 



ANALYSIS OF SIMOATES. 137 

when heated by themselves before the blowpipe, or in a bead of 
microcosm ic salt. Pnre silica fuses with sodic carbonate to a clear 
glass, which, if sufficient silica has been used, remains transparent 
on cooling. Silicates rich in silica behave like pnre silica. If a 
silicate be heated in like manner with microcosmic salt, its base or 
bases are dissolved, while the silica is seen to float about in the 
liquid phosphate bead as a silica skeleton. Silicates containing 
coloured oxides give rise to opalescent beads, in which the Si02 
can be distinguished only with difficulty. 

When silica, or a silicate rich in silica, is heated on platinum 
wire before the blowpipe with sodic carbonate, the SiOj displaces 
the CO2, and forms a clear glass of sodic silicate. The alkaline 
carbonate should not be employed in excess. Calcic and magnesic 
silicates do not dissolve to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examination, respecting its fusir 
bility, state of hydration, etc., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of these 
bodies, since a very large number of silicates differ from each other 
merely in the relative proportions of their component metallic 
elements. 

REACTIONS IN THE WET WAT. 

All silicates may be divided into — 

1. Silicates which are soluble in water^ including only potassic 
and sodic silicates ; and 

2. Silicates insoluble in water, including all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble^ or 
lastly, i/nsoluble in these acids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by fusion mixture (or caustia 
baryta) at a high temperature. 

By treating an aqueous solution of sodic silicate, SiNao4, with 
dilute hydrochloric acid, it is decomposed into NaCl and SiHoi. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On evaporating in a porcelain 
dish over a water- bath, the gelatinous mass becomes firmer, and 
can be broken up, by means of a glass rod, into lumps, which 
speedily lose their water, leaving anhydrous silica, especially on 
being ignited on a sand-bath, as long as acid fumes are evolved. 
The dried mass is treated with a little concentrated hydrochloric 
acid and hot water, when NaCl is dissolved out (together with 
small quantities of Al and Fe — impurities in the sodic silicate). 
The impalpable powder of amorphous silica is thrown on a filter 
and washed with hot water, dried and ignited. 

AmCl or C0Am02 precipitates SiHoi from a solution of sodi6 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form by double decomposition with a soluble 
silicate, white or yellowish- white silicates, soluble in dilute hydro- 
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clilorio or nitric acid, which, however, possess no characteristid 
properties. It is, therefore, necessary to remove the silica in order 
to detect bases, by evaporating to dryness with hydrochloric acid. 
On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are dissolved, and can be separated by filtration 
from the silicic anhydride. Si02, like P2O5, is detected whilst testing 
for bases. 

Most natural and artificial silicates are insoluble In water. Many, 
e.g,y zeolites, as well as certain artificial silicates, snch as slags from 
blast furnaces, etc., are decomposed on digesting the finely powdered 
silicate with concentrated hydrochloric acid. The gelatinous mass 
is evaporated to dryness on a water-bath, when amorphous silica 
separates. 

Silicates, such as kaolin and clays, which are not dissolved by 
hydrochloric acid, can frequently be decomposed, either partly or 
wholly, by hot concentrated sulphuric acid diluted with ahmit one-third 
of Us weight of waier ; many natural silicates yield more or less 
silica, on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 

Silica, or silicates insoluble in acids, forming by far the greater 
number, are readily attacked by gaseous hydrofluoric acid, or by fluor- 
spar and SO2H02, gaseous SiF4 being given off. This method may 
be resorted to when alkalies are present in a silicate, as e.g., in 
felspar, Si608Ko2Al20^^ A little of the finely powdered silicate is 
moistened with strong ammonia, put into a platinum crucible or 
small platinum capsule, and exposed to the action of gaseous HF. 
This gas should be generated in a leaden or platinum vessel. The 
platinum crucible is to this end placed in a small leaden basin, 
which can be closed with a lid of the same metal. A layer of fluor- 
spar is put at the bottom of this vessel, mixed and covered with 

concentrated sulphuric acid. The pla- 
tinum crucible rests on a leaden tripod. 
The leaden vessel after being covered and 
luted with moist linseed meal, is placed 
for a day or two in a warm place. The 
crucible is then taken out, and its contents 
cautiously evaporated by applying a 
gentle heat, as shown in Fig. 17, from 
the upper part of the crucible downward, 
till the whole of the ammonic fluoride 
has been driven off*. The dry residue is 
dissolved in hydrochloric acid, and tested 
for bases. A small residue i^ usually 
left, which is filtered ofF and treated once 
more in the same manner. 

The same result may be obtained more 

expeditiously by treating the mineral in 

Fxo. 17. a platinum crucible with Uqvdd hydro* 
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fliuyric add, and evaporating cantiously in a closet wHcli stands 
in connection with the chimney, and which has a good in-dranght 
of air. The residue is dissolved in hydrochloric acid. Any insolu- 
ble residue which may be left is separated by filtration and treated 
again with hydrofluoric acid. This treatment has generally to be 
repeated several times, before the whole of the bases are obtained 
in a soluble condition. 

Treatment with OaFj and concentrated SO2H02 is objectionable, on account 
of the formation of insoluble SOHo2Gao'^ 

A less cumbersome yet equally satisfactory method for decom- 
posing silicates containing alkalies is the following : — Mix '5 grm. 
of finely powdered silicate intimately with '5 grm. of pure Am CI, and 
then with 4 grms. of pure precipitated granular calcic carbonate,* and 
heat the mixture in a platinum crucible, placed in a slanting posi- 
tion, first gently and by means of a small Bunsen flame, from above 
gradually downwards, till the sal-ammoniac is completely converted 
into CaClj. Then apply a stronger heat, and lastly heat for half an 
hour over a good Bunsen lamp. The sintered mass consists now of 
caustic lime, disintegrated silicate (rendered soluble in acids), and 
alkaline chlorides soluble in water, besides undecomposed CaCU. It 
is next slaked and repeatedly extracted with small quantities of hot 
water at a time. The liquid after filtration is free from silica and 
contains the alkali metals as chlorides. The lime in solution is 
removed by precipitation with ammonia and ammonic oxalate, and 
tbe filtrate evaporated to dryness and gently ignited, when the fixed 
alkali salts are left behind. This method can only be worked with 
advantage with quantities of substance not exceeding '5 grm. 

All silicates insoluble in ivater and acids, no matter whether they 
contain alkali metals or not, may he decomposed by fusion with alkaline 
carbonates (fusion mixture). They are first ground up very finely 
in an agate mortar, then intimately mixed with three or four times 
their weight of fusion mixture and heated in a platinum crucible 
as long as any CO2 is given ofP. This may be done over a good 
Bunsen gas lamp or by means of a Herapath gas blowpipe. (A 
platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance in the dry 
way.) The silica is thus obtained in combination with the alkalies 
and dissolves in hot water, and the bases (CaO, MgO, Al20s, FejOs, 
etc., etc.) are left as insoluble oxides or carbonates, and may be 
separated by filtration ; or the whole mass is at once treated with 
dilute hydrochloric acid and evaporated to dryness. Silicic anhy- 
dride is left, and the bases are removed as chlorides by filtration. 
The alkalies must be examined for in a separate portion by treat- 
ment with hydrofluoric acid. 

Pure amorphous silica dissolves completely, when boiled in a 

• Prepared by precipitating a dilute solution of OaCl2 at 70* C. with excess 
of OOAmo2, and washing the precipitate thoroughly with hot water by decanta- 
tion. 
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pbtmiim wemei with an aqueous aoludon of fixed caustic or cmr- 
booated alkalies. 



fliO} if tpmnUd horn TiOj (dtanie anhrdride) br fasHm vidi SOjHoKo 
IB ft pbtimzm cmcible, and fobseqnait tmtmmt with wtcr ; the aHOj miiftiiiii 
■ndiMolTed. The TiOj is praip^atad from, the addukCiid aqueoos wiation bj 
Von^'tjooiijaaktd. boiling 

QUESnOXS AJfTD EXEBCISES. 

1. Gtre niffauioef of enrftalline umI mmorpboos iSica. 

2. Deicnbe the reactions for SiO^ in the drr war. 

3. Clamfr silicates aoocHding to their folnbiUtT in water and acids. 

4. Erplain the action of HJr', or of CaF* and eoneentrated SOjHo^ upon 

fiHcatea, 

5. How woald jon ascertain the prefcnce of potaaanm or sodium in a alicate, 

sc^oble in HCl, and in a silicate, insolnUe in HQ, e^., in Bohemian 



6. What u the action of caustic and carbonated alMifw upoa amovphons 
silica? 



BORIC ACID, BHos (Ortboboric acid).— Is found in nature 
both combined and in tbe free state. 

BEACnOXS Df THE DltT WAT. 

Most borates swell up wben beated by themselves, and fuse into 
a transparent glass which dissolves metallic oxides, producing varions 
colours. The free acid forms scaly crystals, possessing a pearly 
Instre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fnses to a colourless 
transparent, glassy-looking mass, — horie anhydrtde,^tOs, which can 
be kept in a liquid condition without loss from volatilization. 

A mixture of SO2H0K0 and a borate, heated on a platinum wire 
in a blowpipe flame, imparts a green colour to the flame, owing to 
the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate is 
powdered and mixed with SO2H0K0 and CaFj.* (Comp. page 129.) ' 
The mixture is made into a stifP paste with a few drops of water, 
and cautiously introduced, on the loop of a platinum wire, into 
the irmer blowpipe flame, when the outer flame acquires momentarily 
a yellowish-green tint, owing to the volatilization of boric fluoride, 
BPj. Phosphates as well as copper salts, when moistened with 
sulphuric acid and heated in the outer flame, give likewise a green 
tint to the flame. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF BOBAX, BiOsNaOj, is used. 

The alkaline borates are soluble in water, all others are difficultly 

• Three to four parts of the flux (consisting of one part of powdered CaFj 
and four and a half to five parts of SO2H0E0). 
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soluble^ hut none are absolutely insoliible. All borates dissolve in acids 
and ammonic chloride. 

The precipitates prodaced by doable decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentic, mercurous, or ferrous salts, etc., are white or yellow ish-white^ 
and are readUj soluble in acids and ammonic chloride^. 

The/ree acid dissolves in water and alcohol, and its solutions 
impart to a Bunsen gas flame 2ufine green colour. An alcoholic solu- 
tion placed in a porcelain dish burns, when ignited with the same 
characteristic flame, and the colour becomes all the more perceptible 
when the burning alcohol is stirred with a glass rod. It does not 
show in the presence of alkaline hydrates or carbonates, or of any 
other base. The reaction is equally vitiated by the presence of sodic 
or calcic chloride, or even by the presence of small quantities of an 
alkaline tartrate, free tartaric or phosphoric acid; but the green 
becomes again perceptible on the addition of a little concentra,ted 
sulphuric acid. 

A green flame (of a somewhat greenish-blue tint, howeyer) is obtained also 
by heating many metallic chlorides with alcohol and concentrated sulphuric acid 

r CH 
(owing to the formation of ethyl ic chloride, -j ofl-'rn)» *lso by passing hydro- 
chloric acid gas into the flame of burning alcohol. 

Boric acid, when combined with bases, requires first to b^ 
liberated, by the addition of a little concentrated sulphuric acid, 
before its alcoholic solution can produce the green flame. 

If a borate cannot be decomposed by sulphuric acid, it is fused 
with potassic hydrate, and the fused mass taken up with alcohol. 
On the addition of concentrated sulphuric acid, the burning alcohol 
shows the characteristic green flame. 

An aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilization. 

An alcoholic solution of boric acid colours turmeric paper reddish' 
braivny especially on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper 
with hydrochloric acid is blackish-brown, and must not be con- 
founded with the colour produced by boric acid. The dried paper 
acquires a blackish tint when dipped into alkalies. 

Hydrofluoric acid (or SO2H02 and OaF^) decomposes all borates, with for- 
mation of volatile boric fluoride, thus : — 

B405Nao2 + eOaFj + TSOjHoj - eSOHojCao" + SOjNaoj + 4BF8 + OH,, 

and if the gaseous boric fluoride be passed into water, it forms a peculiar acid — 
hydrofluoboric acid — the constitution of which is not well understood, thus: — 

4BF8 t 3OH2 = 3(BF3,HF) + BHoj. 

Hydrofluoboric 
acid. 

This acid combines with bases, forming horofluorides or Jluoborates, thus : — 

BFt,HF + KHo - BF3,EF + OH,. 
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QUESTIONS AKD EXEBCISES. 

1. How in meteborie acid obtained ? 

2. Erplun the reaetions in the dry mj for boric acid or borates. 

3. ClamUy borates aooording to tl^ir solabilitj in water. 
4(. Explam the ooloor test for boric acid. 

5. Explain the action of HF npon boric add. 



HYDROCYANIC ACID, (Prussic acid), HCy.— This add* 
consists of hydrogen and the compound radical cyanogen, Cy^ mole- 

cnle < if^'ffj^fff' It forms with metallic oxides salts, called cyamdeSf 

analogous in their chemical constitution to chlorides, bromides, etc. 
Cyanogen cannot be obtained by the direct combination of carbon 
and nitrogen, but an alkaline cyanide results from the action of 
caustic or carbonated alkalies upon nitrogenous organic bodies, 
such as fibrin, albumen, and gelatin at a bigb temperature. The 
best known cyanide, viz., potassic cyanide, KCy, unless specially 
purified, contains more or less potassic cyanate, CyKo, and potassic 
carbonate. 

BEACnOKS IK THE DRY WAT. 

KCy and NaCy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassic 
cyanide is heated with less energetic oxidizing agents, such as 
MnOz, PbO, CuO, SnO,, etc., when the metal, or a lower oxide is 
left. Heated in the presence of metallic sulphides, it is converted 
into potassic sulphocyanate, CyKs. Potassic cyanide is on this 
account a most valuable deoxidizing (desulphurizing) agent, and is 
employed in blowpipe reactions, whenever a metallic oxide (or sul- 
phide) has to be reduced to the metallic state. Cyanides of the 
neavy metals undergo decomposition upon ignition ; some (e.g.^ the 
cyanides of the noble metals) break up into metal and cyanogen 
gas ; others into a metallic carbide and nitrogen (e.g., the cyanides 
of iron ; others again (such as AgCy, HgCy2, CuCy2, ZnCya) yield 
cyanogen gas, metallic silver, mercury, etc., and paracyanogen, — a 
brownish -black substance, which is isomeric with cyanogen, usually 
expressed by the symbol Cyn- 

This deportment of solid cyanides furnishes ready means of 
preparing cyanogen gas, either by igniting dry HgCy2, or AgCy; 
or hy heating two parts of dry ydlow jprussiate of potash, or commer- 
cial potassic f errocyanide, KiFeCye, with three parts by weight of dry 
HgCU. 

Cyanogen^ is a colourless gas, of peculiar odour, burning with a 

• The compounds which the radicals cyanogen, ferro- and ferricyanogen, etc., 
are capable of forming will be treated somewhat more fully, since a thorough 
understanding .of the yarious reactions is necessary, in order to successfuUy 
analyse cyanogen compounds. 

f Cyanogen gas should on no account be prepared unless for some special 
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beantifnl purple or peach-blossom colonred flame, and yielding COt 
and N. The gas is nearly twice as heavy as air (sp. gr. 1*8), and 
since water dissolves about fonr times its own volnme it must be 
collected over mercury, or by downward displacement. An aqueous 
solation decomposes spontaneously into a variety of prodacts. 
When the gas is passed through a solation of caustic potash it is 
absorbed with formation of potassic cyanide and cyanate. It is one 
of the few gases which condense to a liquid at a moderate pressure 
(3'6 atmospheres). 

All cyanogen compounds when ignited in an ignition-tube with 
excess of soda-lime, give up the whole of their nitrogen as 
ammonia. 

REACTIONS IN THE WET WAT. 

The cyanides of the alkali metals and alkaline earthy metals 
are soluble in water, the former readily, the latter with ^fficalty. 
The cyanides of the heavy metals are insoluble in water, with the 
exception of HgCy2 ; but are for the most part soluble in a solution 
of potassic cyanide, forming soluble double cyanides, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i.e,, the cyanide of the heavy metal breaks up into 
metal and cyanogen, or metal, carbon (carbide?) and nitrogen, 
whilst the alkaline cyanide is not decomposed, and can be dissolved 
out from the residue. 

The following is a list of some of the more important single 
cyanides, t.e., cyanides which contain only one metal : — 

Potassic cyanide, soluble in water KCy 

Sodic „ „ „ NaCy 

Baric „ difficultly soluble in water . • BaCy^ 

Zincic „ insoluble in water ZnC^2 

Cadmic „ „ „ CdCy^ 

Nickelous „ „ „ NiCyj 

Cobaltous „ „ ' „ OoGj2 

Ferrous „ „ „ « FeGy2 

Cuprous „ „ „ 'Cu'jCy, 

Mercuric „ ' soluble in water HflrCy2 

Argentic „ insoluble in water AyC^. 

Some of these single cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others, especially the cyanides 
of iron, cobalt, and the noble metals (Au, Pt), may be boiled with 
moderately strong acids, without decomposition. 

The action of dilute acids upon double cyanides shows clearly 
the existence of two distinct classes of double cyanides, viz. : — 

1st. Double cyanides which are readily decomposable, giving off 
hydrocyanic acid, when heated with dilute mineral acids. They pos- 
sess an alkaline reaction. Their alkaline cyanide is decomposed by 
dilute mineral acids into HCy and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which i*emains in combination 
ivith the liberated HCy ; or the latter is evolved and the metallic 

purpose, and with eyery precaution against breathing the gas, owing to its fear* 
fully poisonous nature. 
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Cyanide is precipitated; or both cyanides are decomposed, and the 
whole of the HCj is liberated, e.g. : — 

(1) KAgCya + NOjHo = AgCy + HCy 4- NOaKo. 

Precipitated. 

(2) K^Zn^Cy* + 4HC1 = ZnCl, + 2KC1 + 4HCy. 

2nd. Double cyanides which possess a neutral reaction and give off 
no hydrocyavhic acid, when treated with dilute hydrochloric acid, the 
negative element of the acid forming a salt with the alkali metal, 
whilst the hydrogen or positive element, by uniting with the re- 
maining elements, forms a new acid of a more complex nature, 
thus: — 

K4reCy6 + 4HC1 = H4PeCy6 + 4KC1. 

Hydroferrocyanic 
acid. 

K6Fe2Cyi2 + 6HC1 = H«Fe,Cyi2 4- 6KC1. 

Hydrofemcyanic 
acid. 

K6Co2Cyi2 + 6HC1 = HsCojCyia + 6KC1. 

Hydrocobalticyanic 
acid. 

The single, as well as easily decomposable double cyanides, which yield hydro- 
cyanic acid, when treated with dilute mineral acids, are moreover remarkable for 
their highly poisonous character, whilst these latter — the double cyanides con- 
taining a non-decomposable cyanogen radical {e.g.,ferrocyanogen, FeCy^, cobalti- 
cyanogeiiy CoaCyij) — are not poisonous. 

It is obyious that all these complex cyanogen compounds — ^both decomposable 
and non-decomposable — may likewise be yiewed as double cyanides. 

The following list* contains some of the more interesting double cyanides, 
t.e., cyanides containing more than one metal; the easihf decomposable class 
being indicated by a comma placed between the cyanogen and the metal : — 

Dipotassic zincic tetracyanide K3Zn,Cy4. 

„ cadmic „ K2Cd,C^4. 

„ nickelous „ K2Ni,Cy4. 

Potassic argentic dicyanide KAg,Cy2. 

„ aurous „ « KAu^Cy^. 

„ auric tetracyanide . •. KAu'",Cy4. 

Dipotassic cuprous tetracyanide K2'Cu'2)^j4* 

„ platinous „ K2Pt",Cy4. 

Tetrapotassic diplatinic decacyanide TL^\f"2,Oj\Q. 

„ ferrous hexacyanide (potassic 

ferrocyanide, yellow prussiate) K^FOjCye. 

Hexapotassic diferric dodecacyanide (potassic 

ferricyanide, red prussiate) . K5Fe2,Cyi2. 

Hexapotassic dicobaltic dodecacyanide (potas- 
sic cobalticyanide) KeCo2,Cyi2. 

Hexapotassic dichromic dodecacyanide KgCr2,Cyi2. 

„ dimanganio „ K«Mn2,Ci2. 

If the different deportment of these double cyanides with dilute acids and 
* Eekul^, Lehrbuch der organischen Chemie, I, p. 314. 
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with ferroso-ferric salts be noticed, the easily decomposable double cjaoides 
giying, from an acid solution a preeipitate of Prussian blue, whilst the others 
— the difficultly decomposable double cyanides — yield no hydrocyanic acid, 
when treated with dilute acids, and produce (with the exception of the ferro- 
and ferricyanogen compounds), no precipitate of Prussian blue with ferroso-ferric 
salts and hydrochloric acid, it bepomes evident that the complex groups of elements^ 
ferrocyanogeny FeCyg, ferricyanogen^ l^^Cjn, cobalUcycmogeny Co2Cyi2, etc., 
which behave like cyanogen* may likewise he viewed as compound radicalSjf if 
by this term is denoted a group of common and constant constituents found in a 
whole series of compounds, and capable of replacing multiples of 01, Br, etc., in 
constant atomic proportions. 

It is possible to produce by double decomposition precipitates with soluble 
salts of almost all the heavy metals in which the potassium — or positive radical — 
is eith^ entirely or partially exchanged for an equivalent quantity of a heavy 
metal, whilst the negative group of elements remains unaltered, thus : — 

K4FeCy6 + SOaCuo" ^ K2Cu"FeCy6 + 802^:02, or 
E:4FeCye + 2SO2CU0" = Cu^aFeCye + 2SO2K02. 

On the addition of an alkaline hydrate or carbonate, the whole of the heavy 
metal is removed as hydrate, with formation of potassic ferrocyanide. 

Easily decomposable soluble double cyanides give likewise precipitates with 
solutions of heavy metals, e.g-., 

2K:AgCy3 -h SOaZno" =- Zn"Ag2Cy4 + SO2K02 } 

Precipitated. 

bat there is no evidence to show whether these precipitates are real compounds 
or only mixtures of two insoluble cyanides ; nor is there any proof that alkaline 
hydrates reproduce the original double cyanide. Dilute sulphuric acid decom- 
poses ZziCy2 in the above precipitate, AgCy being left behind ; just as if no con- 
nection had existed between the two cyanides. Alkaline hydrates or carbonates 
are without action upon easily decomposable cyanides. A few are decomposed 
by sulphuretted hydrogen, e.g.j K2CdCy4, K2HgCy4, KAgCy2, with precipitation 
of a metallic sulphide; in others, such as K2MnCy4, K2NiCy4, K2ZnCy4, and 
K2CuCy4, the metiEtl is only partially precipitated as sulphide, whilst K^Fe^'Cjf, 
and K2Co"Cy4 are not precipitated at all. 

It is evident from these changes that easily decomposable and difficultly 
decomposable double cyanides (ferro-, ferri-, cobalti-, and chromi- cyanides; 
differ not so much in their chemical structure and habitus, as in the degree of 
stability which they exhibit, varying with the individual nature of the metal 
which they contain. 

A SOLUTION OF POTASSIC CYANIDE, KCy, is used. 

NOaAgo gives a permanent white curdy precipitate J of argentic 
cyanide, AgCy, only, when more than 1 NOaAgo has been added for 
every 2KCj. The precipitate is insoluble in dilute nitric acid, 
soluble in ammonic hydrate, sodic hyposulphite, and potassic 
cyanide. AgCy resembles AgCl so very closely that special experi- 
ments are required to distinguish it from the latter, or to detect 
hydrocyanic acid in the presence of a chloride. 

• Itself a complex group of two elements, of carbon and nitrogen, or a com- 
pound radical. 

t Compound bodies, containing the complex radicals ferro-, ferri-, etc., 
cyanogen are viewed here as moleculHr compounds, and no constitutional formulae 
luive been attempted, although it would not be difficult to assign such formulee 
to them, if the functions which the carbon and nitrogen atoms play in these 
compounds were sufficiently estabUshed. 

X Hg-Cys is not precipitated by argentic nitrate. 

L 
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This may be done (1) by boiling with dilate HCl ( or less readily 
with SO2H02), when HCy is evolved ; (2) by igniting a mixture of 
AgCl and AgCy, which has been entirely freed from argentic nitrate 
by washing with hot water, when AgCy is decomposed into cya- 
nogen, metallic silver, and paracyanogen. AgCl fuses without' 
decomposition. On dissolving the residue in nitric acid and filter- 
ing, a precipitate of AgCl is obtained, on the addition of hydro- 
chloric acid, or a soluble chloride, the silver of which must have 
been present originally as cyanide. (Distinction between HCl and 

Dilute mineral acids decompose potassic cyanide readily witli 
evolution of HCy. On decomposing a small quantity of KCy 
by dilute sulphuric acid in a small porcelain dish, and inverting 
another small dish, containing a drop or two of yellow ammonic 
sulphide, over it, the gaseous hydrocyanic acid, acting upon the 
ammonic sulphide, forms ammonic sulphocyanate, CyAms, and 
AmHs, thus: — 

SgAm2 H- HCy = CyAms -{- AmHs, 

which gives, on acidulating with hydrochloric acid, a characteristic 
hlood-red coloration with FCsCle. 

This constitutes one of the most delicate reactions for free hydro- 
cyanic acid, as well 05 for soluble or easily decomposable cyanides. 

SO2CU0'', to which a solution of SOH02 has been added, gives 
with KCy a white precipitate of cuprous cyanide, 'Cu'2Cy2, soluble 
in potassic cyanide (K'2Cu'2Cy4). 

N204Hg2o'' gives a grey precipitate of metallic mercury, whilst 
HgCy2 remains in solution, thus :— 



'Hg'2Cy2 = Hg -h HgCy,. 

Iron salts are among the most delicate reagents for hydrocyanic 
acid, or for soluble cyanides, on account of their tendency especially 
iu the presence of potassic hydrate, to form difficulty decomposable 
double cyanides (containing the compound acid radicals ferro- and 
ferri-cyanogen), which are of a characteristic blue colour. (Hence 
the name cyanogen, from Kvavo9, blue, and <^€vvaUf I generate.) The 
solution containing hydrocyanic acid, or a soluble cyanide, is first 
treated with a little potassic hydrate, then with a mixture of a ferrous 
and ferric salt (obtained by exposing a solution of ferrous sulphate 
for some time to the air), and heated. On the addition of dilute 
hydrochloric acid, in order to dissolve the ferrous and ferric hydrates, 
precipitated by the potassic hydrate, a fine blue precipitate, or in 
the case of a trace of HCy only, a green suspension of Prussian blue 
is obtained. The changes may be expressed by the equations — 

(1) Kflo + HCy = KCy + OH2. 

(2) S02Feo" + 2KCy = Fe^Cyj* 4- SOjKoa. 

* FeCy2 is difficultly obtained in an isolated condition, as it forms in the 
presence of KCy potassic ferrocjanide, K4FeCyg, containing the oompouiKl 
cyanogen radical FeCye, which in its turn reacts upon the ferric salt. 
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PeCja, by combining with 4KC7, forms the soluble double 
cyanide KiFeCyg. 

(3) 2S30.re,o^ + 3K4FeCy6 = 3Fe"Cy2,2'Fe'"aCy6 + 6SO,Ko„ 

Free hydrocyanic acid dissolTes mercuric oxide, with formation of mercuric 
cyanide, which is not precipitated by alkalies. Hg-Cys exhibits considerable 
stability, compared with other cyanogen compounds. Boiling dilute SO3H02 
does not decompose it. HGl breaks it up in HffClj and HCy. When SH2 is 
passed through its aqueous solution it is decomposed into HflrS and HOy. 

The alkali salts of the compound cyanogen radicals, FeCyj, FejCyij, Co2Cyi2, 
are decomposed by moderately concentrated sulphuric acid with evolution of 
hydrocyanic acid. 

This furnishes a oonveni^it method for preparing a solution of hydrocyanic 
acid. Ten parts by weight of K4FeCy8 (yellow prussiate of potash) are distilled 
in a flask or retort with 36 to 40 parts of dilute sulphuric acid (one of acid to six 
of water). The flask or retort is connected with a Liebig's condenser and double- 
necked receiver, from which any uncondensed gas can be carried under a Bunsen 
lamp, and burnt. Every joint should be made perfectly tight^ and the condenser- 
tube should dip into the water placed in the receiver. The reaction takes place 
according to the equation — 

2E:4FeCy5 + SSOjHo, - 6HCy + KaFe'^FeCyj + SSOaKoj. 

White residue 

turning blue by exposure 

to ^e atmosphere. 

A solution of HCy, in water or alcohol, when left to itself, undergoes spon- 
taneous decomposition, giving rise to the formation of several complex organic 
bodies, ammonic formate, &c. A few drops of a mineral acid (SO2H03 dilute) 
added to the aqueous solution retards this decomposition considerably. 

Hydrocyanic acid is exceedingly poisonous. Small quantities of the gaseous 
acid, when inhaled, cause a peculiar sensation in the throat, and are followed by 
headache, giddiness, and other disagreeable symptoms. G-reat care must 
therefore be taken in operating with HCy, as for instance, on pouring it from 
one vessel to another, or with cyanogen compounds generally, and for the pur- 
poses of analysis small quantities only should be operated upon at a time. 



HYDROPERROCYANIC ACID, H^FeCye.— This acid is 
tetrahasic, i.e., its four hydrogen atoms can be replaced by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etc.) and iron into fused wood- 
ashes. The fused mass is lixiviated with water and the salt allowed 
to crystallize out. It may also be prepared by decomposing Prussian 
blue with KHo or COK02 and separating the ferric hydrate by 
filtration, thus: — 

3Fe"Cy2,2Te'"aCy6 + 12KHo = SK^FeCye + 2Fe8Hoft. 

. Potassic ferrocyanide, KiFeCye + 3Aq, crystallizes in large 
lemon-yellow crystals; hence its name yellow prtissiate of potash. 
Its positive element (potassium) can, by double decomposition^ 
be replaced by other metals, either entirely or partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 

L 2 
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be seen from the following list of some of the more common 
ferrocyanides : — 

+ 3Aq. 
+ 4Aq. 
+ 2Aq. 

+ 3Aq. 
+ 3Aq. 

EEACTI0N8 IK THE DEY WAY. 

KiFeCje f ases, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a mixture of carbon 
and iron, thus :— 

K^YeCje = 4KCy + CjFe + N^. 

Heated with free access of air, or in contact with metallic oxides, 
the KCy is further converted into potassic cyanate, CyKo. 

EEACTIONS IN THE WET WAY, 

A SOLUTION OP POTASSIC PERROCYANiDB may be used. 

The alkaline ferrocyanides are readily soluble in water, the alhalme 
earthy ferrocyanides are difficultly soluble ; those of iron and most 
other metals are itisoluble in vjater, and many of them also insoluble in 
acids. They are decomposed on boiling with potassic hydrate with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferrocyanides are remarkable for their 
characteristic colour, notably so those of iron and copper ; others 
are white, e.g., those of the alkaline earthy metals, of Zn, Pb, Ag, 
Hg : greenish- white, e.g., Ni''2FeCy6,Co"2FeCy6 ; reddish- white, e.g., 
Mn"2FeCy6. Potassic ferrocyanide is employed, on this account, as 
a useful reagent in the qualitative examination of metals, especially 
of iron and copper. 

N 02 Ago produces a white precipitate of artrentic ferrocyanide, 
AgiFeCye, insoluble in dilute nitric acid and ammonic hydrate, 
soluble in potassic cyanide. 

SO2CU0", added in excess, gives with a solution of KiFeCye a red 
(chocolate-coloured) precipitate of dlcuprlc ferrocyanide, Cu"2FeCy6, 
whilst an insufficient amount of the cupric salt gives a brown pre- 
cipitate of dipota8§ic cupric ferrocyanide, K2Cu"FeCy6. 

S02Feo'' gives a light blue precipitate of dipota8§ic ferrous ferro- 
cyanide, K2Fe"FeCy6, thus : — 

KiFeCye + SOgFeo" = KiFe^'FeCye + SO2K02, 

which is slowly oxidized by exposure to the air, or rapidly, by 
oxidizing agents, such as nitric acid, or chlorine water: a part of 
the potassium being removed as oxide, or chloride, thus : — 

2Fe''K2FeCy6 + CI2 = Fe''2K2Fe2Cyia + 2KC1, 

Light blue Diferrous dipotaesic 

precipitate. ferricjanide. 
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or potassic ferricyanide in which four atoms of potassium have 
been replaced by two atoms of dyad iron. 

Potassic ferrocyardde is, in fact, readily converted into potassic 
ferricyanide, KsFeaCyu (analogous to the conversion of ferrous salts 
into ferric salts), by various oxidizing agents, such as chlorine, 
nitric acid, potassic chlorate and hydrochloric acid, etc. 

FeaCU gives an intensely blue precipitate of 3Fe"Cy2,2'Fe'"2Cy6, 
called Pru§§iaii blue, thus : — 

SKiFeCy* + Fe^Cle = 3Fe"Cy2,2'Fe'"2Cy6 4- 12KC1, 

vrhich constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferrocyanogen (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
mineral acids, but dissolves in oxalic acid to a blue liquid (blue ink), 
and in ammonic tartrate to a violet liquid. It is decomposed by 
caustic alkalies, as well as by calcic and even more readily and 
completely by magnesic carbonate (magnesite). On boiling with 
mercuric oxide, Prussian blue is entirely decomposed into HgCya 
and ferrous and ferric oxides, thus : — 

3Fe"Cyj,2'Fe'"aCy6 + 9HgO = 9HgCy, + 3FeO + 2Fe203. 

By adding an insufficient amount of Fe2Cl6 to a solution of £4FeG76, a blue 
precipitate is likewise obtained, which is, however, soluble in water, and is there- 
fore called soluble Prussian blue (used for inks). It is generally thought to be 
composed of one part of Prussian blue and one of potassic ferrocjanide. 

Concentrated sulphuric acid (about 10 parts by weight) decom- 
poses potassic ferrocyanide (1 part by weight of the dry salt), with 
evolution of carbonic oxide (method foe preparing carbonic oxide) ; 
the nitrogen of the cyanogen, being converted into ammonia, is left 
as ammonic sulphate, thus : — 

KiFeCye + 6SO2H02 + 6OH2 = 6C0 + 2SO2K02 + SOaFeo" 

+ 3S02Amo2. 

When concentrated hydrochloric acid is added to an alkaline ferrocyanide, 
hydroferrocyanic acid separates in the cold, as a white crystalline powder, which 
turns rapidly blue. If ether be added to the solution of potassic ferrocyanide, 
preTious to its precipitation with concentrated hydrochloric acid, the acid is 
obtained quite colourless. 



HYDROFERRICYANIC ACID, HeFeaCyi,.— This acid is 
hexabasic, since its six atoms of hydrogen may be replaced by six 
atoms of a monad metal, or by three atoms of a dyad metal. 
Potassic ferricyanide is derived from K4FeCy6 by a process of 
oxidation, as, for instance, by passing chlorine into an aqueous so- 
lution of it, till a solution of ferric chloride produces no longer a 
blue precipitate, but imparts merely a brown coloration to the 
liquid. The change is expressed by the equation : — 

2K4FeCye + CI, = K6Fe2Cyi2 + 2KC1. 
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It is effected hy tbe abstraction of two atoms of the metal potassium 
from two parts of KiFeCyg. Two atoms of cyanogen are transferred 
to two molecules of FeCy2, whereby the ferrous cyanide is converted 
into ferric cyanide. 

It is also called red prussiaie of potash, on account of the dark 
red coloured crystals, which it gives by crystallization. 

Beducing agents convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the awidition 
of two atoms of the metal potassium. The ferric cyanide in the 
double cyanide is reduced to ferrous cyanide, thus : — 

6KCy,'Fe'"2Cy. -f K^ = 8KCy,2Fe''Cy2, or 2(4KCy,FeCy2) 

= 2K4FeCy.. 

The following are instances of indirect oxidation effected by 
potassic ferricyanide : — 

SHg converts the ferri- into a ferrocyanide, with separation of sulphur, 
KI „ „ „ with precipitation of iodine, 

Or^Oji, or its salts, in the presence of KHo, is converted into CxOa, 
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NH3 gives with KeFe2Cyi2 potassic and ammonic ferrocyanides 
with evolution of nitrogen gas, thus : — 

GKeFegCyia + 16NH, = 9K4FeCye + 3Am4FeCy6 + N*. 

Many organic substances, e.g., sugar, dextrine, starch, alcohol, 
and even paper, are oxidized, in the presence of an alkali, to CO2 
and OH2. Indigo is bleached. Phosphorus, sulphur, and iodine 
are converted by the action of "K^Yq^Cjiz, in the presence of alkalies, 

into POH03, SO,Ho2, 1 Q2^. 

Analogous to potassic ferrocyanide, ferricyanogen forms double 
ferricyanides, by the partial or entire replacement of the six atoms of 
the positive element, potassium, by different metals. The following 
are some of the more important metallic ferricyanides : — 

KjFeaCy,, Ba"3K2Fe2Cyi2 + 3Aq. 

Na6Fe2Cy,2 + Aq. Fe"3Fe2Cyi2 (TumbuU's blue) . 

Ca^gFeaCyia + 6Aq. 

BEACTIONS IN THE DRY WAT. 

Potassic ferricyanide is decomposed upon iffnition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
and iron. 
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KEACTIONS IN THE WET WAT. 

A SOLUTION OP POTASSic FEBRiCTANfDB may be used. 

The alkaline ferricyanides are readily soluble in waiter. The others 
are mostly insoluble, 

N02Ago produces an orange coloured precipitate of argentic ferrl- 
cyanMe, AgeFcjCyia, insolable in dilute nitric acid, but readilj solu- 
ble in amnionic hydrate, and potassic cyanide. 

SOaFeo'^ gives 2^ blue precipitate (rMrn6i*ZZ*« blue) of Fe^sFegCyio, 
trlltoroiu ferrlcyaaide, which is decomposed by potassic hydrate into 
potassic ferrocyanide and ferroso^ ferric hydrate : — 

Fe'^sFejCyit -f 8KH0 = 2K4FeCy6 -f FejOijAOHj. 

Pfe2CI« produces no precipitate, but gives a brownish coloration. 
The deportment of potassic ferro- and ferricyanide loith iron salts dis- 
tingmshes between ferrous a/nd ferric salts,. 



HTBReCOBALTlCYANIC ACIB, Hfi'Go^''3Cyi2.^-Solufcions of oobaltous 
salts are precipitated by KCy. The precipitate consists of flesh-coloured or 
cinnamon* brown cobaltous cyanide, OoC/j. Excess of potassic cyanide dissolves 
the precipitate, forming a readily decomposable double cyanide, which, on 
boihng, or on the addition of HOI, is converted into a difficultly decomposable 
doable cyanide, analogous to potassic ferricyanide, with evolution of hydrogen, 
thus :i — 

2(4K:Cy,CoCyjO + 2OH3 « K«CoxCy,j + 2KHo + Hj. 

Potassic cobalti- 
cyanide. 

This double cyanide is of great interest, being a means of sepa/ration of cobalt 
from nickel f. both qualitatively and quantitatively. 



CYANIC ACID, CyHo. — Obtained in* the form of potassic cyanate by the 
oxidation of KCy or K4FeCy5, This salt is very stable when heated by itself, 
but deliq^iesces in the air, and is broken up by water into to acid carbonate and 
ammonia, thus :^^ 

CyKo + 2OH2 - COHoKo' + JXR^, 

Potctssio cyanate is invariably found in commercial potassic cyanidcy some- 
times to a con»derable extent. 

BEACTION» IN THE DBY WAY. 

It acts as a flux in the blowpipe reactions, and is a powerful oxidizing agent. 
When heated with charcoal, it is converted into KOy, 00, and OOj. On heating, 
therefore, a metaUic oxide on charcoal, with KCy containing CyKo, the oxide is 
reduced to the metallic state. 

SEACTIOira IN THE WET WAY. 

The cyanates of the alkalies, alkaline earths^ and a few metaUic oxides are 
soluble in water, but decompose rapidly with evolution of ammoni^a. The cyan- 
ates of silver, lead, mercurosum, cupHcum, are insoluble in water, 

NOjAgo produces with potassic cyanate a white precipitate of argentic 
cyanate, CyAgo, soluble in ammonic hydrate, and in dUute nitric acid ; AgCy is 
insoluble in nitric acid. 

Moderately concentrated sulphuric or hydrochloric acid decomposes CyKo 
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with efiTeryescence, owing to the liberation of CyHo, which affects the eyes most 
painfully, and is recognized by its pungent odour, resembling that of strong acetic 
acid ; the greater portion of the liberated acid is, however, decomposed at once 
by water into OO2, and an ammonic salt, thus : — 

2CyKo + 2SO2H0S + 2OH2 = 2CO2 + SOjKoj + SOjAmoj, 

and it is by testing for ammonia, by means of caustic lime, that its presence can 
be shown. 



SULPHOCYANIC ACTD, CyHs. — Obtained in combination with potassium 
by heating KCy with sulphur or a metallic sulphide. Hence the usefulness of 
potassic cyanide for reducing metallic sulphides in blowpipe reactions. 

BE ACTIONS IN THB DRY WAT. 

CyKs can be fused out of contact with the air, without undergoing decom- 
position. It turrs first brown, then green, and lastly indigo bhie, but becomes 
again colourless on cooling. In contact with the air, C^£s is converted into 
cyanate and sulphate, with disengagement of SOj. The sulphocyanates of the 
heavy metals are decomposed upon ignition, CS2 being given off at first, and on 
raising the temperature a mixture of nitrogen and cyanogen is evolved, whilst 
a metallic sulphide is left : — 

4^Cus" = Na + 3 1 ^^ + 208.^ + 4CiiS. 

EEACTIONS IN THE WET WAT. 

A soLrTiON OP AMMONIC srLPHOCYANATE, CyAms, is used. 

NOgAgo produces a white curdy precipitate of argentic sulpliocyanate, 
OyAgs, insoluble in water and in dilute acids ; it is soluble in ammonic hydrate, 
from which it crystallizes out on evaporation. It is also soluble in CyAms or 
CyKs, forming a double sulphocyanate (CyAgs, CyKs), from which water or 
hydro ohloric acid precipitates granular — ammonic hydrate, crystalline CyAgs. 

SO2CU0'' gives a black crystalline precipitate of cupric sulphocyanate, 

J Cub", which, on standing in the liquid is converted into cuprous sulpho- 
cyanate, pt^CuaS^. This characteristic cuprous salt is obtained instantly by 

adding SOH02, or a solution of a ferrous salt to the cupric salt. 

Fe2CL produces an intensely red solutiony owing to the formation of a soluble 
ferric sulphocyanate, CyAFe28^^ Alkaline sulphocyantftes are most delicate 
reagents for ferric salts. This reaction serves also for the aetection of sulpho- 
cyanogen and hydrocyanic acid. The blood-red colour is destroyed by H^l^. 
On introducing some metallic zinc into the blood-red solution, SHj is evolved. 

QUESTIONS AND EXERCISES. 

1. How are KCy and K4FeCy6 prepared ? 

2. Explain the action of heat upon KCy and K4FeCyj, 1st, out of contact with 

air ; 2nd, with free access of air. 

3. What constitutes the usefulness of KCy as a reagent for blowpipe experi- 

ments ? 

4. Explain the changes which cyanides of the heavy metals undergo upon 

ignition. 

5. How would you prepare cyanogen gas ? Describe its properties. 

6. Classify cyanides according to their solubility in water. Enumerate some of 

the more important single cyanides. 

7. Explain the action of dilute acids upon single cyanides and upon easily 

decomposable double cyanides. 
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-8. Explain the action of SHj upon the following cjanides and double 
cyanides: HffCjg, IK^CdCj^, KAgCja, £3MnC^4, K2CuCy4, KJC0C74, 
K2NiCy4. 

9. How is AgCy distinguished from AgCl ? 

10. Describe the action of HO7 upon S^Ainj, and explain how traces of HCy can 

be detected in the presence of ferro- or ferricyanogen compounds. 

11. Explain the uae of ferroso-ferric salts for the detection of HCy, 

12. How is HCy prepared ? Describe its properties. 

13. How could you •examine a ferrocyamde insoluble in acids, e.ff., Prussian 

blue? 

14. Explain the action of KHo upon Prussian ilue and upon Tumbuirs blue. 

15. Explain what reactions ferrous and ferric salts give with ferro- and fern- 

cyanides. 

16. Explain the formation of soluble Prussian blue. 

17. What is the action of dilute or of concentrated sulphuric acid upon potassic 

ferrocyanide ? 

18. Explain the conversion of potassic ferro- into ferricyanide. 

19. Give instanoes of the oxidizing action of potassic ferricyanide in alkaline 

solutions. 

20. How can aj^entic ferro- and fendcyanides be separated from each other? 

21. How is CyHo recognized in the presence of a cyanide ? 

22. What is the action of concentrated SO^Ho^ upon a cyanate ? 

23. Explain the formation of potassic sulphocyanate, and state what change it 

undergoes when heated in centact with air. 

24. Why does potassic sulphocyanate enable us to distinguish between ferrous 

and ferric salts ? 

25. Calculate the percentage composition of cuprous sulphocyanate, ^Cu^"^ 



.Chapter VIII. 
REACTIONS OF THE ACIDS. 

B. Organic Acids. 

Most orgaBic aoids cannot be distinguished qualitatively ms readily 
as inorganic acids. A few of the more generally occurring acids 
which can be readily detected, claim a short notice. 

The greater number of organic acids consist of carbon, hydro- 
gen, and oxygen ; some also contain nitrogen. There is no organic 
acid known containing only two single atoms of an element, and 
only one containing three, vi^, hydrocyanic acid, HON ; whilst the 
number of atoms in a molecule of most organic acids, as for in- 
stance in stearic acid, Ci8H3602, is far greater :tban in any inorganic 
compound. 

The element with which oxygen, hydrogen, and nitrogen are 
grouped in organic acids is carbon, which in most cases, probably in 
all, acts as a tetrad element.* 

Groups of elements performing similar functions in organic acids, 
and built up invariably in the same number, are called compound 
organic radicals, 

* Frankland : Lecture Notes, yoI. ii, page 2. 
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All organic acids contain at least one negative group, containing 
a replaceable hydrogen atom, of the form — CU.OH (carboxyl), 

COOH 
the molecule of which, | , constitutes oxalic acid, a body re- 

COOH 
suiting from the oxidation of a large number of organic bodies, e.^., 
sugar, woody fibre, etc., by the action of powerful oxidizing agents, 
such as concentrated nitric acid, and is, on further oxidation, re- 
solved itself into the products of tiie final oxidation of everything 
organic, viz., carbonic anhydride^and water: 

Heat breaks up nearly all salts of organic acids. Those of 
alkaline and alkaline earthy bases, leave upon gentle ignition tar- 
bonates, with separation of carbcni, and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic acid was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more- 
over, accompanied in most instances by the evolution- of volatile 
matter, of carbonic oxide and' hydrocarbons, empyreumatic vapours 
and oils. 

In the free state organic acids &pe either volatile, and can be 
distilled or sublimed, generally without undergoing decomposition 
and without leaving any carbonaceous residue, as for instance, 
formic acid, and its homologues acetic acid,. etc. (or the acids of the 
fatty series) ; benzoic acid and others^ belonging to the series of 
aromatic organic acids.- These acids can be removed- from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are non-volatile, and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and 
the acids cannot be removed from- their salts by distillation with 
sulphuric acid. 



FORMIC ACID^ I ^Q2^.— Obtained in a gmtti^ many chemi- 
cal reactions, as a product of oxidalaon or decomposition. It is 
usually prepared by heating a mixture of equal weights of crystallized 
oxalic acid and glycerine to 75*" C, and distilling with water — 

rOOHo _ /H .CO 

\00Ho - \iCOHo + ^^^ 

Anhydrous formic acid distils* at 100° C. It is of interest, as being 
the lowest possible acid in> the series of fatty acids, being derived 
from methane, CH4, by the substitution of three hydrogen atoms, 
thus r 

H.C = O 



i 



.H. 



By a successive increment of CH2, or by substituting for H — 
the positive element in formic acid — successively semi-molecules of 
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the oomponnd organic radicals, methyl, CH3, ethyl, C9H5, etc., the 
whole series of fatty acids can be obtained, thus : — 



Formic acid 



Acetic acid 



\aoHo 



{Iho°'(^oh» 



o 



H— C— 0— H 
H 



H— C— C— 0— H 



Propionic acid 



or / ^'^» 
°'' \ COHo 



Butyric acid < 



Stearic acid 



JCH, 
ICH, 
tCOHo 

H 
^COHo 



H 



H 
H 



O 



H— C— C— C— O—H 

I I 
H H 



^^ 1 COHo 



/ O17H35 



The lower members of the series of fatty acids dissolve freely in 
water, whilst the more complex fatty acids, with largely increased 
molecnlar weights — ^to mention only stearic acid — are quite insoluble 
in water. Those containing more than three atoms of carbon pev 
molecule exhibit a number of isomeric modifications, as yet more or 
less imperfectly studied. 

BEAGTIONS IN THE DRY WAT. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates, and 
a little carbon, with disengagement of combustible gases — mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off C02, CO, and OH2, leaving, the metal (generally mixed with a 
little carbon). 

REiiCTIONS IN THE WHT WAT. 
A SOLUTION OF SODIC FORMATE, < qq^ i& USCd. 

All formates are sohihle in water; some also in alcohol. 

Formic acid and formates are readily recognized by their pro- 
perty of reducing salts of the noble metals, e.g., AuCls, N02Ago, 
NsOiHgfo", or HgCl2, fco the metallic state, with evolution of car- 
bonic anhydride. 

Potassic permanganate is likewise deoxidized by formic acid. 

Formic acid or a formate, when heated with a solution of 
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potassic dichromate and oil of vitriol, is broken up, with evolution 
of aOj. 

This reducing action distinguishes formic acid from acetic a^id and 
some of its homologues. 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic oxide, which latter 
bams with a fine blue flame. (Method of preparing carbonic oxide 
GAS.) The mixture does not blacken. The decomposition is expressed 
thus : — 

{ COHo "•" S^»^^2 = CO + SO2H02 + OH2. 

ACETIC ACID (Vinegar), | ^^^^ ,— Obtained either by the 
oxidation of alcohol, thus : — 

I ChIho + ^2 = I ^oHo + ^^^» 

•or by the destructive distillation of vegetable substances, especially 
of wood. Pure acetic acid boils at 118° C, termed glacial acetic acid, 
and is prepared by decomposing dry sodic acetate (5 parts by 
weight) with concentrated sulphuric acid (6 parts by weight). The 
crude acid is placed ov>er M11O2, in order to destroy any SOt, and 
rectified by distillation over a little sodic acetate. 

REACTIONS IN THE DRY WAY. 

Aceta1>es are decomposed upon ignition, yielding an infiamioable 

f CTT 
^volatile liquid called acetone, < rjop-cr > ihus : — 

2{g?|fao = C0N«^ + {c0CH.. 

The acetates of the alkalies and .alkaline earthy bases, when 
strongly ignited, leave a carbonate; those of the heavy metals 
leave either a metallic oxide, or the metal itself, mixed with 
carbon. 

Heated with caustic alkalies (soda- lime), dry sodic acetate gives 
off marsh-go^, or light carburetted hydrogen, CH4, thus : — 

3 1 QQ^^Q + NaHo,CaHo2 = 2CONao2, + COCao" + 3CH4. 

The gas can be collected in the usual manner over water, and on 
applying a light it bums quietly with a yellowish flame, to water 
and carbonic anhydride. It forms one 4»f the constituents of the 
gas-bubbles which are seen to rise from the bottom of stagnant 
waters, where decaying organic matter has accumulated. Hence its 
name manh-gas. 

Its specific gravity is '554 when compared with air. Its molecular weight is 
16, one litre weighing 8 oriths. A mixture of marsh-gas and air — one part by 
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Tolurae of the hydrocarbon with 10 of air — explodes powerfully when a light is 
applied. Light carburetted hydrogen forms a constituent of ordinary coal-gas, 
and is likewise found in coal-mines, where it gives frequently rise to explosionv 
when mixed with air and fired. It is called by the miner /ire-damp. The atmo- 
sphere left in the workings of a coal-pit, after an explosion of fire-damp has 
taken place, is called choke-damp, or after-damp, consisting to a large extent of 
carbonic anhydride. 

BEACTIONS IN THB WET WAT. 

{CH 
CONao ™*^ ^ employed. 

Ml acetates are soluble in water. Argentic and mercnrous acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqueous solution 
of it) with alcohol and concentrated sulphuric acid, acetic ether 
(ethylic acetate), CH3CO.OC2HJ, is formed, which possesses a fra- 
grant odour. The change is expressed thus : — 

{ CONao+C'^'H" + »0,Ho. = { goX)C,H, + SO'HoNao + OH. 

Too much alcohol should be avoided lest common ether, 0(C2H6)2, 
be formed, the odour of which would mask that of the acetic 
ether. 

By distilling an acetate with moderately dilute sulphuric acid in 
a retort, free acetic acid is obtained, which is recognized by its cha- 
racteristic pungent odour. It cannot be oxidized by aqueous chromic 
acid. 

Fe^Clg added to a solution of an acetate, produces a deep red-colqured solu- 
tion, owing to the formation of ferric acetate. On boiling, the whole of the iron 
is precipitated as liasic ferric acetate, in the form of brownish-yellow flakes. 
AmUo precipitates the iron from a solution of ferric acetate as ferric hydrate. 

Ammonic acetate, especially in the presence of ammonia, dissolves several 
insoluble sulphates, e.g., S02Pbo", S02Cao". 

Approximate Separation of Acetic Acid from its next higher 
HoMOLOGUES. — Add enough caustic potash to convert the acetic acid 
into acetate and distil. The acid containing the least number of 
carbon atoms, being the stronger, is first neutralized, and if suffi- 
cient potash has been added, the distillate is obtained free from 
acetic acid. 

STEARIC ACID, | ^g^^.— Found in fatty bodies, e.^., pure 

rCHaHo 
mutton fat, in combination with glycerine, < CHHo . When heated 

LCH2H0 
with solutions of caustic alkalies, the fe»t saponifies and the fatty 
acid forms with the alkali metal a soap, freely soluble in warm 
water, and the glycerine separates. On decomposing the soap by 
the addition of an acid (dilute hydrochloric or sulphuric acid), the 
fat which separates is found completely changed in character. It 
has an acid reaction to test-paper when in a melted state, and is 
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soluble with the greatest facility in alcohol, from which it crystallizes 

r G H 

in milky- white needles. Its composition is CioEL^eOzt or < /-jrkTr*. 

cot/" ' *^^ 

contains generally — 

20 — 25 per cent, of water 
7 — 8 „ „ soda (ONa^) 

and 67 — 73 „ „ stearic acid. 

The analysis of soap is effected by treating 10 grms., cnt np 
into thin slices, in a porcelain dish, with dilnte hydrochloric acid, and 
heating gently for some time, till the whole of the soap is decom- 
posed. The fatty acid floats on the surface. The dish is set aside 
to cool, when the fatty acid is obtained as a solid cake, which can 
be readily removed and dried between filter-paper. Sodic chloride 
is left in solution, and is obtained on evaporation in crystals. 

QUESTIONS AND EXERCISES. 

1. What elements enter into the composition of organic acids ? 

2. State which compound organic radicals are met with in organic acids, and 

show the relation which exists between them. 

3. How are the several salts of organic acids influenced by heat, and what 

inference can be drawn from this action P 

4. Explain the structure of the several members of the fatty acid series. Give 

illustrations. 

5. How is formic acid obtained, and what changes do formates undergo, when 

heated out of contact with air ? 

6. How can a formate be detected in the wet way ? Give equations. 

7. State how acetic acid is prepared. 

8. What is the action of heat upon dry acetates ? 

9. How would you prepare marsh-gas ? 

10. Explain the action of acetic acid upon argentic carbonate or plumbic oxide. 

11. What residue is left on igniting sodic acetate, calcic acetate, plumbic acetate, 

or argentic acetate ? 

12. Explain how you would obtain acetic ether, describe its composition and 

properties. 

13. Give graphic formulae for marsh-gas, cyanogen, acetic ether, acetone. 

14. A quantity of crystallized argentic acetate leaves upon ignition 1*236 grm. of 

metallic silver. How much acetic acid does this correspond to ? 

15. How much dry sodic acetate must there be decomposed in order to obtain 

20 litres of marsh-gas ? 

BENZOIC ACID, | qJ^qH'""^® ^^^^^ ^^ ^^^ ^'^'^ ^^ 
balsams, from which it is obtained by sublimation. Heated in 
a tube open at both ends, the acid sublimes in long needles, giving 
off a very irritating vapour. Heated on platinum foil, benzoic acid 
burns with a luminous smoky flame. 

The crystalline acid is very slightly soluble in cold water or 
acids, and floats on water. Benzoates of tetrad metals are mostly in- 
soluble in water, all other are soluble. 
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FOjCle gives a jpale yellow precipitate of basie ferric benzoate, 
BzeFe20^,Fea08 + 16 Aq ; and ammonic benzoate is employed some- 
times for the separation of Fe*^ from Mn" (compare page 39). 

On distilling benzoic acid with lime or baryta, benzol (benzene), 
GiHe, is obtained — 

{cOOH + ^^^ =:C.H6 -h COCao". 

Dilate acids precipitate benzoic acid from aqueous solutions of 
benzoates ; dilute nitric acid is without action upon it. 

Heated with concentrated sulphuric acid, benzoic acid does not 
blacken, neither does it evolve SOg. 



rCOHo 

SUCCINIC ACID^ < OiRi.—DihoMc aci(^.— Obtained by the 

tCOHo 
distillation of amber, of fossil resin, and also by the long-continued 
action of nitric acid upon butyric, stearic, or margaric acids. The 
acid crystallizes in white plates, is readily soluble in water, alcohol, 
and ether, and is not acted upon by boiling nitric acid. Heated 
in a tube open at both ends, it sublimes in silky needles. Heated 
upon platinum foil, it burns with a blue flame and without smoke. 

Succinates are decomposed upon ignition ; the alkaline and 
alkaline earthy succinates leave a carbonate mixed with carbon. 

Most succinates are soluble in water. 

Plumbic acetate gives a white precipitate of neutral plumbic 

rco— ' 

succinate, < CjHiPbo", which is rendered basic by treatment with 

lco_, 

ammonic hydrate. 

Pe2Cl8 produces from a solution of neutral ammonic succinate 
a brownish-red, voluminous precipitate of basic ferric succinate, 
Su3Fe2O^,Fe203, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more basic succinate. (This reaction 

SERVES FOR THE SEPARATION OF Mn" FROM Fe*^.) 

On boiling the precipitate produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonic hydrate, soluble 
ammonic salts of these acids are obtained which can be separated 
by filtration from the insoluble residue. On the addition of alcohol 
and BaCl2 to the ammoniacal solution, a v)hlte precipitate of baric 
succinate is obtained, whilst benzoic acid gives no precipitate (dis- 

TINCilON BETWEEN CeHsCO.OH AND C3H4(COOH)2. 

QUESTIONS AND EXERCISES. 

1. How are benzoic and succinic acids prepared ? G-ive graphic formulsB. 

%, State how the precipitate produced by BzHo and !SuHo2 with Fe^Cl^ assists 
in dbtinguisliing between these two acids. 
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3. How would you prepare benzol from benzoic acid ? 

4. 1'340 grm. of tbe argentic salt of an organic acid leaves upon ignition '632 grm. 

of metallic Ag. Wbat is the molecular weight of the acid ? 

OXALIC AGID^ < QQjT • — Vihastc acid, — Obtained hj the 

oxidation of a large number of organic bodies, e,g., sugar by nitric 

acid ; or woody fibre, by the action of caustic alkalies. The free 

r COHo 
acid, S /^QTT "f 2Aq, is a violent poison. It crystallizes in rhombic 

prisms with two molecules of water of crystallization, which it loses 
when exposed to dry air, t.e., it effloresces and crumbles to a 
powder. With bases it forms an important series of salts called 
oxalates. The acid being dibasic, two series of salts, neutral and 

acid oxalates, < qqv^ ^^^ { COH ' ®^is* (besides some sujoer-acid 
oxalates). 

REACTIONS IN THE DRY WAY. 

Oxalic acid when heated by itself, sublimes for the most part 
unchanged ; a portion of it breaks up into CO, CO2 and some 
formic acid. Oxalates yield, upon ignition, different products of 
decomposition, according to the nature of the base contained 
therein. 

Alkaline oxalates leave a carbonate, with slight blackening, and 
give off carbonic oxide. 

Alkaline earthy oxalates leave a carbonate, together with some 
caustic ha^e, if a strong heat be applied, and give off 00 and CO2. 

Oxalates containing metallic bases which do not form carbonates, 
or the carbonates of which are decomposed by heat, break up into 
metallic oxides, and give off equal volumes of CO and CO2, or into 
metal, as for instance argentic oxalate, giving off OOj. 

REACTIONS IN THE WET WAY. 

TT i COAmo 

Use A SOLUTION OF AMMONIC OXALATE, < QQK 

Oxalates are either soluble in water, e.g., the alkaline oxalates 
and a few metallic oxalates; or insoluble in water, but soluble in 
acids. 

CaCl2 (S02Cao" or CaHo2) precipitates even from very dilate 

{CO 
^^Cao", readily soluble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in potassic or ammonic hydrate. Heat promotes the pre- 
cipitation from very dilute solutions. This constitutes one of the 
most delicate reactions for oxalic acid. 

BaCU gives from solutions of neutral oxalates a white precipitate 

r CO 

of baric oxalate, < Q^Bao" + Aq, soluble in oxalic acid, readily 
soluble in hydrochloric or nitric acid. 
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N02Ago produces a white precipitate of argentic oxalate, 
COAgo 
I , soluble in dilute nitric acid, and in ammonic hydrate. 

COAgo 

Concentrated sulpliuric acid decomposes oxalic acid or oxalates, 
on the application of a gentle heat, into CO and CO2, without 
blackening, by withdrawing from the molecule of oxatyl a molecule 
of 0H2. The gaseous mixture is passed through a wash-bottle con- 
taining caustic soda or lime-water, and the carbonic oxide gas is 
collected over water. The gas bums with a blue flame. (IJsual 

METHOD POH PREPARING CARBONIC OXIDE.) 

Oxalic acid, or oxalates in the presence of free mineral acids, 
act as reducing agents. 

Treat a little black oxide of manganese and oxalic acid, or an oxalate, with 
a few drops of concentrated sulphuric acid. EfPervescence ensues. The gas 
which escapes is carbonic anhydride, thus : — 

M11O2 + I QQ^^ + 2SO2H02 = 2CO2 + SOoMno' + SO2K02 + 2OH2. 

A solution of gold is reduced to metallic gold, thus : — 

2ATiCl8 = 3|^^§^ « 6OO2 + Au2 + 6HC1. 

Potassic permanganate is speedily reduced (decolorised) . 

QUESTIONS AND EXERCISES. 

1. How is oxalic acid obtained? Describe shortly its properties. 

2. What changes does oxalic acid undergo, Ist, upon ignition ; 2nd, upon heating 

with SO2H02 ; 3rd, upon treatment with SO2H02 and Mn02 or Or205Ko2 ; 
4th, in contact with A11CI3 ? 

3. How would you distinguish calcic oxalate from calcic carbonate, fluoride, 

borate, or phosphate ? 

4. What takes place when potassic, argentic, calcic, or zineic oxalate is ignited by 

itself? 

5. How would you prepare pure carbonic oxide gas from sodic oxalate? 

6. The calcic salts in one litre of water are precipitated with ammonie oxalate. 

The precipitate yields upon ignition 1'695 grm. of COCao". How much 
OaO does the water contain, lat, per gallon ; 2nd, per 100,000 parts? 

rcoHo 

J CHSo 
TARTARIC ACIDx qtt^ ' dibasic acid, — Found in grapes, 

LcOHo 
tamarinds, pine-apples, and several other fruits in the form of 
hydric potassic tartrate. The acid met with in commerce is pre- 
pared from the tartar or argol, an impure hydric potassic tartrate, 
deposited from the grape juice during fermentation. The acid 
forms colourless transparent crystals, very soluble in water, both 
hot and cold, and soluble also in alcohol. The aqueous solution 
undergoes gradual decomposition. 

REACTIONS IN THE DRY WAY. 

Tartaric acid is decomposed by heat, giving off an odour rem 
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sembling that of burnt sugar (caramel), a^d leaving a residue of 
carbon. Alkaline tartrates when heated in a test-tnbe, are decom- 
posed with evolution of inflammable gase9, leaving a mixture of 
finely-divided charcoal and carbonate (black fltix), from which the 
carbonate may be extracted by water. The carbonaceous residue 
left upon igniting alkaline earthy tartrates contains an insoluble 
carbonate, and effervesces when treated with dilute hydrochloric 
acid. Tartrates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt SQgar, a^d leave 
much carbon mixed with metallic oxide or met^ 



REACTIONS IN THB WET WAY. 

Use A SOLUTION OF TARTAKic ACID, and for somo reacjtions a 
SOLUTION OF A NORMAL SALT (Eochelle solt, Or potassio aodic tartrate). 
The alkaline tartrates are soMle in water, the acid salts less so 
than the neutral tartrates. The twrmal tartrates of the alkaline earthy 
bases, of the earths and heavy metals, are difficultly soluble in water, 
but dissolve readily in dilute tartaric acid. Alkalies fail to preci- 
pitate double tartrates, readily soluble in water, containing an 
alkaline and metallic base. Hence ike presence of ta/rtaric acid 
serves topr event the precipitation of FeaOj, CrsOs, ZnO, NiO, CoO, 
MnO, CaO, PbO, BiaOs, PtOa or CdO, whilst some other substance, 
e,g,, POH03, if present, may be precipitated from an alkaline solu- 
tion. 

KCl (or some other potassium salt, especially the acetate) pro- 
duces in a solution of n*ee tartaric acid a heavy white crystalline 
precipitate of bydrlc potassic tartrate, readily soluble in mineral 
acids and in alkalies and alkaline carbonates, insoluble in acetic 
acid. The precipitation is accelerated by agitation and by allowing 
to stand for some hours. Alkalies dissolve the precipitate, forming 
a normal tartrate, soluble in water, from which acetic acid repreci- 
pitates the hydric potassic tartrate. 

CaHoa added to excess, precipitates free tartaric acid as a white 
calcic tartrate (CAHiOeCa). 

CaCla (but not SOaCao", except on long standing,) precipitates 
from a solution of a normal tartrate, white calcic tartrate (CiH^OsCa 
+ 4 aq.), soluble in acids, even tartaric acid^ in ammonic salts 
(AmCl), but not in ammonic hydrate. The precipitate, especially 
as long as it is amorphous, ix,, recently precipitated, is soluble vn 
cold potassic or sodic hyd/raie, which is nearly free from carbonate, 
but is repredpitated on boiling as a gelatinous mass, which redissolves 
on cooling. 

NOaAgo produces from a solution of a normal tartrate {e.g,, 
Bochelle salt) in the cold a white curdy precipitate of arsenttc tar- 
trate. On filtering and dissolving some of the precipitate off the 
filter with a little dilute ammonic hydrate, and heating the solution 
in a clean test-tube or flask during ten or twenty minutes, in water, 
heated to about 66° C, the glass becomes coated with a fine silver 

mirror. (CHA^iOT^BJSTIC ^EAOTION for TARTARIC ACID.) 
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ron ) '^^' ^^^^ ^ white crystalline precipitate of plumbic tar- 
trate, from solutions of tartaric acid, or its soluble salts. The pre- 
cipitate is soluble in nitric acid, and in ammonio hydrate ; the latter 
giving rise to the formation of plumbic ammonic tartrate, which 
cannot be precipitated by AmHo. 

Tartaric acid and ammonia dissolve SO^Pbo'^ 

Concentrated SO2H02 decomposes tartaric acid, or a tartrate, on 
heating, with evolution of SO2, C02, and GO, and separation of 
carbon. 

QUESTIONS AKD EXERCISES. 

1. Deseribe soioe fources of tartaric acid. 

2. Describe the decomposition which tartaric acid and tartrates undergo upon 

ignition. 

3. How can tartaric acid be detected in the wet way ? 

4. GKye graphic formub» for Boohelle salt, argentic and plumbic tartrates. 



rCHHo(COHo) 
CITRIC ACID J CH (COHo) + aq.—Tribasic oeui.— Ob- 

LCHa (COHo) 
tained from orange or lemon-juice. Found also in many other 
fruits. It forms colourless prismatic crystals, which possess a pure 
and agreeable acid taste. They dissolve in cold and hot water, and 
in alcohol. The aqueous solution undergoes decomposition after a 
time. The citrates are very numerous, the acid forming, like phos- 
phoric acid, three classes of salts by the replacement of one, two, 
or three atoms of hydroxyl by a corresponding amount of potas- 
soxyl, etc. 

EEACTIONS IN THE DRY WAT. 

On heating citric acid, it loses first its water of crystallization, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes into aconitic acid, and finally to citraconic 
anhydride, leaving a less abundant carbonaceous residue than tar- 
taric acid. Alkaline and alkaline earthy citrates leave a carbonate 
upon ignition. 

REACTIONS IN THE WET WAT. 

Use a SOLUTION of citric acid in WATER, OR A SOLUTION OF A 
NORMAL ALKALINE CITRATE. 

Potassic salts give no precipitate. 

CaHo2 gives no precipitate in the cdd from a solution of citric 
acid, or of a neutral citrate ; but on heating^ a white precipitate of 
calcic dtratc is obtained. (Distinction between tartaric and 
CITRIC ACID.) When both citric and tartaric acid are present, the 
precipitate produced by Cano2, or CaCU in the cold is filtered ofF, 
and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 

CaCU produces at first no precipitate vn the cold from an aqueous 
solution of citric acid, or a soluble citrate ; but on standing precipi- 
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tation takes place and is all bnt completed, even in the cold, after 
24 hours. On boiling a white precipitate of calcic citrate is ob- 
tained if the solntion be neutral, or if it contain, an excess of lime- 
water or ammonic hydrate. This precipitate is insoluble in sodic or 
foiassic hydrate^ but soluble both in ammonic salts and in acids. 

Argentic citrate, dissolved in ammonic hydrate, does not form a 
mirror upon heating. Citric acid, like tartaric acid, prevents the 
precipitation of certain oxides, more especially of AI2O3, of Groups II 
and III, by caustic alkalies, on account of the formation of soluble 
double citrates, containing a metallic and alkali base. 

Concentrated sulphuric acid decomposes citric acid or citrates 
slowly. On cautiously applying heat, CO and OO2 escape, at first 
without any blackening of the liquid, but on boiling for some time, 
SO2 is evolved, and carbon separates. 

QUESTIONS AND EXERCISES, 

1. Whence is citric acid derived ? 

2. Describe the tests which distinguish citric from tartaric acid. 

3. Give graphic formulsB for citric acid. 

4. How would you detect oxalic, tartaric, and citric acids contained in a 

liquid? 

5. Why does the presence of citric or tartaric acid prevent the precipitation of 

AI2O3 or FGiOa by AmHo ? 
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In order to enable the analyst to acquire a thorough mastery 
over the reactions for bases and acida, some 25 to 30 simple sub- 
stances should be analysed by the aid of the subjoined analytical 
tables, and the results recorded in the manner shown in the Appen. 
dix. The nature of these exercises will be suflGiciently indicated by 
the following examples ; — 

1. Crystallized magnesic sulphate (Epsom salts), 

2. Sodic sulphite. 

3. Saltpetre. 

4. Common sodic phosphate* 

5. Potassic iodide. 

6. Potassic oxalate.. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate.- 

11. Dried green vitrioL 

12. Borax. 

Preliminary to the analysis of more complex bodies, a number of 
double salts or mixtures of salts containing one or two bases, and 
one, two, or more acids should be next examined, such as: — 

Ammonic ferrous sulphate. 

Common ammonium or potassium alum, 

Microcosmic salt. 

Potassic sodic tartrate (Rochelle salt)^ 

Dipotassic calcic ferrocyanide. 

Potassic chlorate and potassic nitrate^ 

Sodic chloride and potassic carbonate. 

Potassic oxalate and potassic carbonate. 

Ammonic chloride and sodic nitrate. 

Ammonic magnesic phosphate. 

Potassic bromide and iodide, and sodic chloride. 

Complex bodies should be examined systematically, and the 
results carefully noted down in the analyst's laboratory book tmme^ 
diately they are made, and in the order indicated by the arrangement 
of the Analytical Tables. A careful preliminary examination in the 
dry way yields for the most part results which are decisive of the 
nature of the substance under examination. A few simple experi- 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 
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substance, most bases and acids. Skill in hlotvpipe analysis is of 
paramotmt value in the analysis of well-defined minerals, as well as of 
complex mixtures. The student should, however, invariably control 
the results obtained by an examination of the solid substance in the 
dry way, by a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition : and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, refuse- 
matter from various manufacturing processes, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances that should be examined in order 
to enable the student to acquire proficiency in qualitative analysis: — 



1. N,04Pbo", 


9. BaCla, 


HgCU, 


POHoBao", 


AmCl, 


r COKo 
I COKo. 


COCao". 


2. OaClz, 


10, Ammonium alum. 


SrCla, 


Chrome alum. 


BaClj. 


POHoNaoa, 




Pe^Oa, 


3. ASjSa, 


SiOa. 


AmCl, 




NO2K0. 


11. COBao", 




P202Bao''s, 


4. Ammonium alum, 


SO,Bao", 


Chrome alum. 


NaCl. 


Galena. 






12. Ultramarine. 


5. Chrome iron ore. 






13. Guano. 


6. Type metal. 






14. Coprolite. 


7. Stourbridge fire-clay. 






15. Material which has been 


8. OrOaBao", 


used for pmiifying coal- 


Fe,03, 


gas. 


CaCla, 




Sulphur. 


16. Alkali waste. 
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SIMPLE AND COMPOUND INORGANIC SUBSTANCES, 
BOTH IN THE DRY AND WET WAY. 
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Examination of a Substance in the Wet Wat. 

» 

1st. The suhstcmce under examination is a liquid. — Examine it 
by means of well-prepared test-papers. The liquid is neutral. This 
excludes a large number of substances, since the greater proportion 
of normal salts of the metals possess an acid reaction. The liquid 
shows an acid reaction. This may arise from a free acid, or from 
the presence of a normal salt having an axjid reaction, or, lastly, 
from an acid salt. Or the solution possesses an alkaline reaction, 
owing to the presence of a salt of alkaline reaction, of free alkalies 
or alkaline earths, and of cyanides or sulphides of the alkalies or 
alkaline earthy metals. 

Evaporate a portion of the liquid to dryness on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only ; or it leaves a residue ; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the dry way. 

2nd. The suhsta/nce under exefmination consists of a solid hody,"^ 
If it occurs in large pieces, or in the form of a coarse powder, it 
should first be reduced by mechanical means to as fine a powder as 
possible. 

Natural silicates and other compounds which are decomposed with difficulty 
by acids, are finely powdered in an agate mortar and then levigated, i.e., stirred 
up repeatedly with water ; the coarser particles of the powdered substance fall 
rapidly to the bottom, and the water holding the finer particles in suspension can 
be poured off. The coarser particles must then be ground again, and made to 
pass through a fresh process of levigation, till the whole of the substance is 
obtained in an equally fine state of division. By allowing the water to stand for 
some time, the whole of the suspended particles fall to the bottom of the vessel, 
and can be separated by decantation and filtration. 

Ascertain whether the solid substance is wholly or partly soluble 
in water. This is done by boiling about a gramme of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long as anything is dissolved. A drop of the 
solution, when evaporated on a watch-glass, or on platinum foil, 
should leave a visible spot. 

The aqueous extract is set aside until the residue has in like 
manner been treated v/ith acids. It should be tested with litmus- 
paper. 

The residue insoluble in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. The undissolved 
portion is allowed to subside and the clear fluid decanted. This 
oparation should be repeated several times, both with dilute and 
concentrated hydrochloric acid. Boiling with HCl generally dis- 
solves out whatever is soluble, and NOjHo has rarely to be resorted 
to. If an insoluble residue be left, treat with small quantities of 
aqua regia. Observe carefully what changes take place when the 
substance is treated with acids, especially whether any and what 
gases are disengaged. 
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The residue insoluble in water and adds should 1)e carefully 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry CONao2 and COK09 (fusion- 
mixture) and fused. The fusion is best performed in a platinum 
crucible, provided the insoluble residue does not contain any metals 
capable of forming alloys with platinum. This can be readily ascer- 
tained by an examination of the residue in the dry way. 

It should be borne in mind that only ba^ic, strontic, calcic, 

AND PLUMBIC SULPHATES ; PLUMBIC AND ARGENTIC CHLORIDES ; Si02, 
MANY JrlLICATES ; NATIVE OB IGNITED AljOa AND ALUMINATES ; IGNITED 

CrjOs and Pe203; chrome iron ore; SnOa (ignited or as tin- 
stone) ; IGNITED SbaOi (a FEW METAPHOSPHATES AND ARSENATES) ; 
CaFs, AND A FEW OTHER NATIVE FLUORIDES ; SULPHUR AND CARBON, 

are usually present in the residue. 

AgiFeCje and AgeFejCy^, AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 and 2 may be examined separately, or they may be 
mixed and examined together. A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show Jww the acids and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted separately. The fused mass is 
boiled with water and filtered; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl or NO2H0. The aqueous extract is examined for 
acids, and the acid extract for bases. 

Alloys are dissolved in dilute or concentrated HCl, sometimes 
with the aid of platinum foil, or with the addition of a few crystals 
of potassic chlorate, and their solutions examined as usual. 

Gyomogen corn/pounds are best destroyed by fusion in a porcelain 
crucible with 3 or 4 times their weight of a mixture of 3 parts of 
S02Amo2 and 1 part of N02Amo. The metals can then be detected 
171 the residue in the usual manner. 

Remark. — In order to economize time, the solution of a substance should be 
prepared at the same time as the examination in the dry way is conducted, and 
whilst the separation into groups is effected by means of the several group* 
reagents. The precipitates can then be well washed. Again, the time occupied 
in the evaporation of the filtrate from Group II, and in separating Fe*^, Cr*% 
and Al*^ by means of COBao" in Grou p III, may be employed in the examina* 
tion of the precipitate produced by HCl or SHf, as well as in detecting the acidf>> 
in the drj and wet way. 
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EXAMINATION OF BASES, 

''Notes'* OD next page. 



long as a precipitate is produced, and heat genilj. (Note 1.) 



diluted with water (Note 4), saturated with gaseous SHs, and gentlj heated (Notes 6 and 6). 

Evaporate the viltbatb till free from SHj, then add a few drops of concentrated IKOJELo, an< 
eyaporate to complete diyness. If oxalates or organic matter (Note 7) be suspected (indicate 
by the blackening of the residue), heat to redness in a porcelain dish, but not otherwise. Trea 
the residue with a little concentrated HCl, add water and heat, when it dissolves either wholly o 
leaves a white residue of SiOs (Note 8). Test a small portion of the HOI solution with ammoni 
molybdate, with the addition of concentrated nitric add. 

(A.) No precipitate is obtained, POH03 Is absent. — Add AmOl, AmHo, and SAm^, to th6 remainin 
portion of the solution, heat to boiling, and filter quickly ; wash well with hot watc 
containing a few drops of ammonic sulphide. 

(B.) A precipitate is oltained, POH03 Is present. — ^Add AmOl and AmHo in slight excess to tli 
remaining portion of the solution, heat gently and filter quickly ; wash well with hot watei 
To the filtrate add SAm2 to slight excess, heat to boiling and filter. Wash with hot wate 
containing a few drops of SAm2, and examine filtrates under Ghroup lY. Transfer the tw 
precipitates to a porcelam dish, and digest with a little S Am^ (Note 9). Filter off an 
wash well. Neglect filtrate (Notia 10). 



(A.) 

The PBBCIFITATB may con- 
tain — 

AI2H06) yellowish-white, 
gelatinous, 
bluish-green, 
black, 
white. 

flesh-coloured, 
black. 



CrsHofi, 

FeS, 

ZnS, 

MnS, 

NiS, 

Cos, 



it 



Examine by Table III A. 



(B.) 

GDhe PEECIPITATE 

tain — 



may con- 



AlsHoe, yellowish-white, 
gelatinous. 

CrsHo6} bluish-green. 

FeS, black. 

ZnS, white. 

BKnS, flesh-coloured. 

NiS, black. 

Cos, 

Together with the phosphates 
of (Cr) and Al, as well as of 
the alkaline earthy metals. 
(Note 11.) 

Examine by Table III B. 



To the VILTBATB from til A. 
ni B. add AmHo and COAmo; 
heat gently (Note 12) and filte] 



The PBECIFITATE 

may contain — 

COBao'', white. 

COSro", 

COCSao", 



if 



Examine by 
Table IV. 



SoLunoN ma 
contain — 

Mfro. 

OKs. 
ONa,. 

Examine by 
Table V. 
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^ .^. ttut !?'i. -v5un msMmii aiit-x % ji iii ijii ■Mil masugc imd^ ir -noiDr j^ 
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PRELIMINARY EXAMINATION 
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Tablu III B.— SEPARATION OP THE 



B. POHos is present. — ^DiBBolye the precipitate obtained according to the directions giyen in 
I OKo' ^ ne^'OBfl'UT* Digest at a gentle heofe^ as long as anj chlorous odour is perceptible. 

vietals Zn, Mn, Ni, Oo, Al»^ Cr»^ Fe»^ as well as phosphates of Cr*% AI>^ Ba, Sr, Ca, and 
COHo '^ ^^^^ '^ ^ precipitate is produced. Heat gently, and filter hot (Note 4). 



The SOLUTION may contain the chlorides of Al, Cr, Zn, Mn, Ni, Co (Ba, Sr, Oa, Mg), as well as 
the phosphates of the alkaline earthy metals. Add Fe201e (Note 2), drop by drop, as long 
as a precipitate forms and till the colour of the supernatant fluid becomes red. The re- 
maining phosphates of the alkaline earthy metals are thus decomposed. Digest for some time 
at a gentle heat ; allow to subside and filter hot. Wash with hot water. 



The soLUTioir contains now only chlorides — possibly of all the metals of 
Group in, as well as of the metals of the alkaline earths — the whole 
of the phosphoric acid having been eliminated. Add AmCl, AmHo 
and SAm2. A black precipitate is obtained. Filter. 



SoLrTiON. — Add COAmoa. 



A white PEECIPITATE 

which may be — 

COBao", 

COSro", 

COCao". 
Examine by Table IV 
(without, however, 
mixing it with the 
precipitate obtained 
in Group IV). 



Solution may contain 
Mg. Add 
POHoNao2. 

White crystalline pre- 
cipitate. 

Presence of IUff. 

(as phosphate.) 



Examine pbeoifitate 
according to Table 
niAforCo,Ni,Mn, 
Zn, Al and Cr. 

Test a portion of the 
original substance, 
dissolved in water or 
HCl, for Fe'' and 
Fe»^ 



The PBEOIFITATE con- 
sists of F202Fe20'* 
and ferric acetate. 
Neglect. 



Note 1. — ^Test a portion of this hydrochloric acid solution with ammonic moljbdate for 
Ca, Mg, were originally present, but only phosphates of Ni, Co, Mn, Zn and Fe, decomposable by 

Note 2. — If Fe2Cl6 produces no further precipitate with a portion of the acetic acid solution, 
dissolution of FeS in HCl being frequently sufficient to decompose the whole of the phosphates 
Ca and Mg. In this case no ferric salt need be added to the main portion of the solution, and the 

Note 3. — Instead of fusiiig with SiOj and CONaos, the presence of PaOaAlaO^ (PaOjCriO^ 
with NaHo, which dissolves PjO^AlsO^ and decomposes the ferric phosphate, with formation of 
reprecipitated. 

Note 4. — ^In many cases the P2O5 may be completely removed from the original solution op 
diluting and filtering from the insoluble metastannio acid (SlIjOgHoio)) which contuns all the PjO^ ; 
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METALS OP GBOUP IIIb. 



the General Table under Ghfonp IIIb.» in dilute HOI, with the addition of a few ciystals of 
Filter off sulphur, if necessary (Note 1). The solution may now oontain the chlorides of the 

Mg. Nearly neutralize with a dilute solution of CONaos ; then add a solution of 4 j^Qy^ 



The PEBOIPITATI nay consist of PaOjFejO^, PjOaAljO^* (Note 8), PfOjCrjO^. Dry on the 
filter. Fuse in a platinum crucible with SiO, and pure fusion mixture, toother with a little 
HOsKo. Dissolve in hot water, add OOAmo^; digest, allow to subside and filter. If 

I aoir ^^^ 1 CON ^^® ^^ precipitate but red coloration, Fe**^ is already in excess ; add 
POHoNaoo until colour just disappears ; boil filtration precipitate >-Fe, Or, Al as phosphates. 



Besidub may consist of SiHo4» SisOsFeso^'S SiaOsAlso^ and FejKoe. 
Acidulate with HCl ; eyaporate to dirness and ignite gently. Extract 
with a few drops of concentrat-ed HCl and hot water. Filter. 



Solution. — Nearly neutralize with OONaos^and 
add pure NaHo in excess. Heat and filter. 



Bbsidttb. — Fe3Ho6. 
Confirm by dissolv- 
ing in HCl and 
a<^ing CyAms. A 
blood-red colour. 

Presence of Fe 

{as phosphate). 



SonTTiON. — Acidulate 
with dilute HCl and 
add AmHo in slight 
excess. 

A white gelatinous pre- 
cipitate. 

Presence of Al 

{as phosphate). 



Besidue SiOj. 
Neglect. 



( 



SoLVTioir. — ^Add 
OOHo "* 

ooO'P'"'"- 

Yellow precipitate. 
Presence of CrO:), and 

therefore 

Presence of Cr. 
{as phosphate), 

A white precipitate of 
P202Pbo''3 indicat- 
ing the presence of 
POHogi may be neg- 
lected. 



^osphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba, Sr, 
SAm*. Proceed, therefore, to examine the solution at once by Table IIIa. 

it is obvious that no phosphates of the alkaline earthy bases are left, the Fe2Cl« derived from the 
of the alluJine earthy metals in an acetic solution into ferric phosphate and chlorides of Ba, Sr, 
examination of the filtrate may at once be proceeded with according to Table IIlA. 

is rarely met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al 
FOsHos. Filter. ioidulate the filtrate with dilate HQ; add AmHo, when PsOsAlfO"^ is 

substance by treating with metallio tin (tinfoil or granulated tin), and concentrated HOsHo % 
the filtrate may be examined by Table IIIa. Sn must of course be looked for in another portion. 
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SXPABATIOH OF THE METALS OF GROUP IV. 
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SEPARATION OF THE METALS OF OSOUP V. 
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SXAMraATTOIf FOB ACIDS. 

Before jHO € gg<iIu g to &e cxsanfnatioiL for acdsr tfestodent will 
do wdQ to eoBoder carcAinj widdi mada eaui posHblj iie combaieii 
with the Immws praest. A pennal of tiie Table <j^ SohikLlitj of 
^kltfty giren in the Afjipendix, will matesnll j aid hhog and will pro- 
bckb]^ Mesre madk laboor and time, 

Some a^nds are detected on examming' fcr taafu, til, AMX 
Am/}^ mOt, and FDHos in eombmatzoiL inth metala of Gtoii|« 111 
mA it, CfOiHo^ COw SQi, SOHo» ft:K>Ho^ CIHo, HOHo. the 
inx ImtirioiefK^tmed acids on dfaaolviog tBe snfaitanee in diliice HCL 
or on addzng HCl in Gro«p L 

A earefo] f e limii May exarnxnaction £cft acids wiD probabl j lead 

to tLe detection of a farther number of acidsy e^^ of HI, < qtt » 
^®^^ { O^ ""^ { oS/ '^^>»H^» (HOHo), HCl, (CIHo), HF, 

HC7, HJ'eCy^ HJ'e^Y^, CyHo and CyHs, { gj^^ *^^{co£ 

The pfresence of other organie acids is likewise indicated. When 
more than one c^ these adds is present, the detection is somewhat 
more dHfieoH, and the resnhs ofc^ined hj a pre liminar y ei ami uation 
far acids reqnire to be caref hHt confirmed by the examination of the 
solution^ Thns a chloride m the presence ci a nitrate, when 
treated with concentrated SO2H02, erolres chlorinp and red fames 
of lower oxides of nitrogen ; in thepresence of achromate, brownish- 
red fames Cff OrOjCit. HgCk, Hg^Cl,, or SnCU does not evolYe 
HCl when treated with SOjHoj. Polysolphides, when treated with 
IICl, erolre SHi, with separation of snlphnr. SQi and SHt, when 
oirolred sinndtaneoosly, destroy each other, etc. 

When the preliminary examination gires no distinct indication 
of the presence of any of the acids jost mentioned, SQtHos, BHoi, 
POHo^ SiOf will have to be looked for. 

The stndent mnst bear in mind that acids cannot be detected 
in the Mame systematic order as bases, and that he onght, therefore^ 
never to be satisfied till he has confirmed the presence of acids by 
the nio»t characterifitic ipecial tents. 



PRELI2IINARY EXAMINATION FOR ACIDS. 
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EXAMINATION FOR ACEDS. 
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Preparation or Solutions for Acids. 

Great care ought to be bestowed npon the preparation of the 
solutions required for the examination of acids. On boiling a por- 
tion of the substance under examination with CONao2 nearly all the 
metals other than alkalies are precipitated in the form of carbonates, 
basic carbonates, or oxides. 

(It is necessary to decompose the salts first in order to prevent the precipita- 
tion by the several reagents employed for the detection of acids in the wet way, 
e.g.^ of Ba, Sr, Ca, or Pb, on the addition of SOaCao'' or SO^Mgo''; of Ag, 
'Hg'2 or Pb, by BaCl2 or CaCl2; of Fe and others by AmHo, etc., etc.) 

The precipitate produced by CONao2 (which reagent ought to 
be added in the least possible excess) is filtered off, and the filtrate 
tested with a few more drops of CONao2. If no further precipita- 
tion takes place, the solution is heated to boiling, and 

1. Dilute HCl added to a portion of it, as long as CO2 is evolved, 
and till the solution is rendered distinctly acid. 

(Small quantities of SO^Nao^ and NaCl are almost invariably contained in 
the commercial CONao2 ; it is therefore necessary to test a portion of the 
aqueous, or HCl solution of the substance, prepared without the intervention of 
CONaoo, for SO2H02 by means of BaCl2. A nitric acid solution of the original 
substance is in like manner tested for HCl by adding XT02Ago.) 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute NO2H0 and boiling. 

POTT 5 
and lastly — 

4. A fourth portion of the alkaline solution is carefully neu^' 
tralized by first adding dilute NO2H0, drop by drop, and boiling, 
as long as CO2 is evolved, and till the solution is distinctly acid to 
test-paper : then by adding a few drops of very dilute AmHo, till 
the solution gives a neutral reaction with blue and red litmus- 
papers. The strictest attention should he paid to these directions, and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the formation 
of an ammonic salt in anything like large quantities, on account of 
the formation of a soluble double salt, e.g., ammonic calcic tartrate, 
ammonic calcic citrate, etc. 

If the preliminary examination for bases has shown the presence 
of ammonic salts, it is necessary to decompose them by boiling with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with dONao2 decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of Mo02Amo2. (Comp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Groups I and II), SH2 should be passed through the 
slightly acid (HCl) solution and the precipitate filtered off. The 
solution is freed from SHj by boiling, then rendered slightly 
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alkaline by means of a few drops of NaHo and tested by means of 
GaCU (ammonic salts sbonld be carefully avoided). 

No further notice need be taken of the following acids : CO2, 

{CH 
COHo* ^^^^^ ^^^7 ^°^ ^ detected with 

certainty by* a preliminary examination, and as they would, for the 
most part, be lost on acidulating the solutions. 

PoETioN Acidulated with HCl. 

SO2H02. — On the addition of BaClt a white precipitate, insoluble on 
boiling. 

SiHo4. — On the addition of AraCl or COAmoa a gelatinous pre- 
cipitate, requiring no further confirmation, since SiOj is left 
on evaporating the filtrate from Group II with NO2H0. 

HiFeCye. — On the addition of PejCU a deep blue precipitate. 

S02Feo" light „ 

HfiFejCyis. — w w » dark deep „ ,, 

^ „ PejCU a brown coloration only. — If 

both acids are present, filter off, after adding Pe2Cl6, and 
observe the colour of the filtrate. On the addition of SnCl2, 
or SOH02, to the filtrate, a blue precipitate is immediately 
obtained, confirmatory of the presence of EUFeaCyn. 

CyHs. — PeaCle produces a blood-red coloration, which is destroyed 
by HgClj and not by HCl (the red colour which acetic acid 
imparts to a solution of Pe2Cl6 is destroyed by HCl). 

2HF,SiF4. — On the addition of BaCla a gelatinous translucent 
precipitate of BaF2,SiF4is obtained, which is decomposed by 
strong acids. Confirm by heating the precipitiate, when 
volatile SiF* is given off. AmHo precipitates gelatinous 
SiHo4 with formation of AmF, BaFs and OH2. 

Portion Acidulated with NO2H0. 

HCl. — On the addition of NOaAgo a white curdy precipitate, 
soluble in AmHo. For the distinction between hydrochloric 
and chloric acids comp pp»116 and 118. 

HBr. — On the addition of N02Ago a yellowish- white precipitate, 
difficultly soluble in AmHo. Confirm by adding chlorine 
water to the original solution, and shake up with ether. 
Bromine dissolves to a yellowish-red liquid. 

"I QTT . — On the addition of N02Ago a white amorphous precipi- 
tate, little soluble in water and dilute NO2H0, easily soluble 

{ORr 
Q * may be separated by wash- 
ing with water. Argentic bromate being soluble may be 
detected in the solution by the addition of SOH02, when a 
precipitate of AgBr is obtained. 

For t?ie distinction between HBr and HGl, comp. page 115. 
HI. — On the addition of NOfAgo a yellowish- white precipitate, 

2 
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scarcely soluble in AmHo. Confirm by the blue colour im- 
parted to starch paste by the iodine liberated by N2O3 gas, 

I OHo* — ^^ *^® addition of NO-jAgo a white precipitate of < q * » 

sparingly soluble in dilute NO2H0, soluble in AmHo (Agl 
is insoluble), whence Agl is precipitated on the addition of 
SOH02. On adding acetic acid to a mixture of an iodide 
and iodato the former is instantly decomposed, iodine being 
set free, — ^most readily recognised by the delicate iodide of 
starch reaction. 

Distinction between HCl and HI. — HCl in the presence of 
HI cannot be distinguished in the same ready manner as 
HCl in the presence of HBr. The two acids are preci- 
pitated by NOzAgo. The precipita be is digested with AmHo 
and filtered, Agl being insoluble in AmHo. Dilute NO2H0 
reprecipitates white AgCl from the filtrate. 

Distinction between HCl, HBr, and HI. — Precipitate the 
HI as CU2I2 by means of SOgCuo" and SOjFeo" or SOHog, 
and filter. R<3move the cupric and ferric salts by a little 
pure NaHo, evaporate the filtrate to dryness, and examine 
for HCl and HBr by testing one portion for HCl with 
Cr206Ko2 and SO2H02, and another for HBr by chlorine- 
water and ether. 
HCy.— 'On the addition of N02Ago a white curdy precipitate, 
soluble in AmHo and alkaline cyanides. 

In order to distinguish HCy in the presence of HCl, filter 
off precipitate, wash well, and ignite in a porcelain crucible 
to red heat. Dissolve the metallic Ag left by the decom- 
position of AgCy with a little hot NO2H0, and test the 
clear solution with HCl. A curdy white precipitate indicates 
HCy. Confinn also by the reaction with ferroso-fernc saltB, 
KHo and HCl in a fresh portion of the solution. 

Distinction between HGl, HBr, HI, and HCy. — Test 
specially for HCy, before proceeding to the examination of 
the other acids as described, by treating a small quantity 
of the mixed salts in a porcelain dish with very dilute 
SO2H02, and causing the evolved HCy to act upon a drop 
of NOzAgo, or a little S2Am2, contained in a second por- 
celain dish, inverted over the one containing the mixed 
salts. A white precipitate of AgCy is obtained; or the 
CyAms which is formed gives a blood-red colour with ferric 
salts, affording equally conclusive evidence of the presence 
of HCy. 
CyHs 1 ^ 

HiFeCys > are likewise precipitated on the addition of NOjAgo, 

HeFe.iCyi2 J 

and are insoluble in dilute NO2H0. The first and second 
form salts which are insoluble in AmHo, whilst Ag«Fe2Cyit 
is readily soluble. These acids are, however, detected in the 
portion acidulated w;ith HCl. In some compounds of these 



{ 



EXAMINATION FOR AOIDS. 197 

fields with, metals of Groups I and TI, it is necessary to boil 
with dilute sodic carbonate solution, and pass SHj, and 
illter ofE the sulphides. The acids exist then as sodic salts. 

No other cyanogen coinpound but a cyanide giyes off HCy when 
treated with Tery dilute S02Ho2« and it is therefore possible also to 
distinguish HOy in the presence of CyHs, OyHo, H4FeCy6, HgFeaCyij. 

Portion Acidulated with < qqtt , 

HF. — On the addition of CaClg a white scelatinous precipitate. 
SOgHog is likewise precipitated by CaCl2 in an acetic acid 
solution ; it is therefore necessary invariably to test specially 
for HF, by etching on glass. 

1 COH * — ^^ *^® addition of S02Cao" a whita precipitate of 

CO 

QQ Cao" is obtained, which on ignition leaves COCao", 

{CH 
COH • (Calcic fluoride is not 

affected.) ♦ 

Cr02Ho2. — On the addition of plumbic acetate a yellow precipi- 
tate. 
POH03. — On the addition of POjClg a yellowish- white gelatinous 
precipitate from a solution of a soluble phosphate, or a phos- 
phate decomposable by boiling with C0Nao2. Arsenic acid, 
if present, should be lirst removed by means of BH.^, 

Portion Rendered Neutb.vl. 

Tartaric acid — THog. — On the addition of CaClg a white precipi- 
tate, soluble in AmCl or cold KHo.—SOgHog, | qq^^, HF, 

POH03, ASOH03, BH03, SiHo4, COg, SOH02, are likewise 

precipitated by CaClg from a neutral solution, and THog 
can obviously be detected only by further special tests in 
the presence of any of these acids. The most characteristic 

reaction consists in warming some TAgOg, dissolved in very 
little dilute AmHo, in a water-bath, until a bright mirror 
of metallic silver is obtained on the sides of the test-tube. 

Citric acid — CiHo3. — On the addition of CaClg no precipitate is 
obtained till excess of AmHo, or CaHog^ has been added 
and the solution boiled. 

The detection of tartaric and citric acids — indicat^ed during 
the preliminary examination by a strong odour of burnt sugar 
— requires great care and strict attention to the few points of 
distinction whicb exist between them. The precipitate pro- 
duced by CaClg in the cold should be filtered off, and the 
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filtrate tested for CLHo^, by adding a drop of Am Ho and 
boiling, when a fresh precipitate of calcic citrate is obtained. 

CiAg03 dissolved in dilute AmHo, forms a less Instroos 
mirror, and only after boiling for a long time. 

Boric acid — ^BHo^. — Boric acid is sometimes indicated in the pre- 
liminary examination by the swelling up of some of its saline 
compounds, and the precipitation of a concentrated solution 
of a borate with moderately dilute SO2H02 or HCl. 

More delicate, however, is the reaction which boric acid 
gives with turmeric paper, and the colour which boric fluoride 
imparts to the flame. (Comp, pages 140, 141, and 129.) 

Benzoic acid — BzHo. — On the addition of FOgClg a pale yellow 
precipitate. Confirm by the reactions which a benzoate 
^ves in the preliminary examination, since a precipitate of 
Fe^Hog is frequently mistaken for ferric benzoate, owing to 
imperfect neutralization. 

Snccinic acid — SuHo^. — On the addition of FegCl^a reddish-brown 
precipitate. 

For the distinction between "benzoic and succinic adds, com- 
pare page ^159. 
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REACTIONS OF THE RARE METALS. 

Mbtals are termed rare when they occur in nature to a limited 
extent, and, for the most part only, in certain minerals, and in 
certain localities. Some of the heavy metals, possessing very little 
affinity for oxygen, such as Palladium, Rhodium, Osmium, Ruthe- 
nium, and Iridium, are found native, and associated with the native 
metals Platinum and Gold. Others are found in combination with 
oxygen, such as Titanium, Uranium, Tantalum, and Niobium ; with 
sulphur or a/rsenic, such as Tungsten or Wolfram, Molybdenum, 
Vanadium, Thallium, and Indium. 

Others, especially the rare metals usually classified among the 
so-called light metals, having a specific gravity for the most part of 
less than 5, and yielding insoluble oxides which are mostly specifi- 
cally heavier than their metals, such as Glucinum, Zirconium, Tho- 
rium, Cerium, Lanthanum, Didymium, Yttrium, Erbium, are chiefly 
met with in nature as oxides, in combination with silica (sometimes 
combined with titanic, niobic, and tantalic acids) ; and lastly, the 
rare metals of the so-called alkali groap, whose oxides possess the 
most pronounced basic character and are soluble in water, such as 
Lithium, Rubidium, and Caesium, are chiefly met with as salts, — 
carbonates, phosphates, or silicates — and in a soluble condition, in 
sea- water, or in certain mineral springs. 

The rare metals cannot be studied with advantage, without 
taking into account their mineralogical associations ; and, as many 
of them have as yet been imperfectly investigated, they present 
difficulties, to be overcome only by careful attention, not merely to 
the distinctive analytical features, but to their general chemical 
history. 

The following is the analytical position assigned to these metals 
by the various group-reagents : — 

Group I. Precipitated by HGl: — Tungsten, as tungstic acid; 
niobium, as niobic acid; thallium, as chloride. 
(Tantalum, as tantalic acid, and molybdenum, as 
molybdic acid, are soluble in excess of HCl.) 
Group n. Fredpitated hy SJETj, from a HCl solution, as suU 
phides ;— - 

(A.) Insoluble in yellow a/mmonic sulphide:—^ 
Palladium, rhodium, osmium, and ruthe- 
nium. 
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(B.) Soluble in yellow ammonic sulphide : — Gold, 
platinum, iridium, molybdenum, tellurium, 
and selenium. 
Group III. Precipitated by AmCl^ AmHo, and SArrii : — Ura- 
nium, indium (thallium), gallium, as sulphides ; 
glucinum or beryllium, thorium, zirconium, cerium, 
lanthanum, didymium, yttrium, erbium, titanium, 
tantalum, and niobium, as hydrates. Vanadium, 
precipitated as sulphide, on adding HCl to the fil- 
trate. 
Group IV. None. 
Group V. Lithium, caesium, and rubidium. 

METALS OF THE ALKALIES. 

The alkali metals. Caesium, Rubidium (potassium, sodium), and 
Lithium are remarkable for their highly electropositive character, 
the powerfully alkaline nature of their oxides and hydrates, and the 
very general solubility of their salts. Caesium appears to be the 
most highly electropositive member, whilst lithium shows the least 
electropositive character. They exhibit analogous gradations in 
their respective combining weights, fusion-points, specific gravity, 
action upon water, and the solubility of their carbonates, thus : — 



Caesium. 

133 

Below 38 -5 



Kubidium. 
85-5 
38 -5° C. 



Potassiuir, 
39-1 
62 -5° C. 



(?) 



Atomic weights . . 

Fusion-points . . 

SpeciHc gravity"! 
at 15° C. . . J 

Action of thel Decomposes 
»«»4-«i<. »».»» I water In the cold, 
metals upon V ^^^ hydroiren Del 

wat€r J coming inflamed. 

SolubUity of] COCsoj 

the respective > ^" v 

carbonates . . J Highly deliquescent, absorbing 

Mrater speedUy from the air. 



Sodium. Lithium. 
23 7 

96° C. 18(f C. 



1-516 



Do. 



865 



Do. 



CORbai COKoj 



•97 

Do., but does 

not generally 

inflame the 

hydrogen. 

CONaOj 

Not 
deliques- 
cent. 



•59 

Do., hut 
with less 
violence. 

COLio^ 
Difficultly 
soluble in 

wat«r. 



Lithium, in fact, appears to form the connecting link between the 
alkali metals and the metals of the alkaline earths. This is shown 
more especially by the comparatively insoluble nature of its phos- 
phate and carbonate. 



REACTIONS OF THE RARE METALS OF THE 

ALKALI-GROUP. 

1. CAESIUm, Cs. Atomic weight, 133. — Occurs in very small quantities in 
many mineral waters, as Chlobidb, and in a few minerals (Lepidolites) ; in large 
quantities in the rare felspathic mineral Pollux j found in Elba, said to contain 
34 per cent, of Caesia. 

Both caesium and rubidium were discovered by Bunsen and Kirchhoff in 
1860, whilst examining spectroscopically the saline residue left on evaporating 
large quantities of the DurJcheim mineral water. The metal caesium has not 
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yet been isolated, but has been obtained in the form of an amalgam. The 
hydrate, CsHo, is very soluble, both in water and alcohol, and yery strongly 
alkaline. The carbonate COCsos, resembles potassic and rubidic carbonate, but 
is soluble in 5 parts of boiling alcohol. (Distinction fbom OOK02, CONaoa, 

AND 00RbO2, WHICH ABE FBACTICALLY INSOLUBLE IN AlCOHOL.) 

EEACTIONS IN THE DBY WAY. 

When heated on platinum wire, in the inner flame of the blowpipe, volatile 
caesium salts impart an intense sky-blue colour to the outer flame. (Hence 
the name of the metal, from caeHuSy sky-blue). When examined with the aid 
of a spectroscope, principally two intensely sky-blue lines, Csa and Cs/3, close 
upon the strontium line, Sr^, are seen (together with yarious other less distinctly 
Tisible lines in the orange, yellow, and green). 

EEACTIONS IN THE WET WAY. 

Use a soltjtion op Caesic Chlobide, CsCl. 

PtCl4 (Platlnle chloride) produces a light yellow crystalline (octahedral) 
precipitate of the double chloride of caesium and platinum, 2CsCl, 
PtClj, very difficultly soluble in boiling water — '377 part in 100 of water. The 
corresponding potassic piatiuic chloride is dissolved by repeated treatment with 
boiling water. 

TH02 (tartaric add) produces a colourless transparent crystalline precipi- 
tate of hydric caesic tartrate, THoCso ; about 8 times more soluble in water 
than the corresponding rubidium salt. 

Method of (Separation of Cs from Rh. — SnCl4, added to a solution of the 
chlorides of Na, K, Li, Rb, and Cs, containing free HCl, forms a heavy white 
precipitate, consisting of nearly pure caesic stannic chloride, 2CsCl,SnCl4. By 
recrystallization from a hot hydrochloric acid solution, the crystals are obtained 
pure. This reaction affords an easy method of detecting caesium in a mixture of 
the alkaline chlorides. A hydrochloric solution of SbCls acts similarly, by preci- 
pitating a crystalline double chloride of CsCl, SbCl;. The precipitate is decom- 
posed by water, but can be washed without decomposition with concentrated 
ilCl. The other alkaline chlorides (K, Na, and Bb) are not precipitated. 

2. RUBIDIUM, Rb. Atomic weight, 85*5. — Occurs widely diffused in 
nature. It is met with, although only in very small quantities, in a large number 
of minerals, in LepidoUtes and in mineral waters, likewise in the ashes of many 
plants, such as tobacco, coffee, beetroot, &c. The metal is obtained, like potas- 
sium, by heating the carbonate with carbon. It is white, more easily fusible 
and convertible into vapour than potassium, and takes fire spontaneously in air. 
Its oxide, rubidia, 0Bb2, is a powerful base, and its salts, like the corresponding 
caesium salts, are isomorphous with those of the metal potassium. The hydrate, 
BbHo, is strongly alkaline, and veiy soluble in water and alcohol. The carbo- 
nate, OOBbos, is a deliquescent salt, insoluble in alcohol. 

BBACTIONS IN THE DBY WAT. 

Volatile rubidium salts, when heated on a platinum wire in the inner blow- 
pipe flame, colour the outer flame dark red (hence the name rubidium, from 
rubiduSf dark red). When examined spectroscopically, two dark red Imes, 
BhSy and Bby, on the extreme left of the solar spectrum and close to the potas- 
sium line, together with two distinctly Tlolet lines, and several weaker lines 
in the yellow, readily distinguish rubidium compounds. 

BEACTIONS IN THE WET WAT. 

A SOLUTION OF Rfbidio Chlobidb, RbCl, is employed. 

PtCl4 (platlnle chloride) produces a light yellow crystalline (octahedral) 
precipitate of rubldlc platlnle chloride, 2BbCl, PtC^, very difficultly soluble 
in boiling water. The solubility of the double chlorides of platinum and pot-as- 
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sium, rubidium, <a catsium is reftpectiyely as 6*18, '634, and *377 in 100 parts of 
boiling waJber. (Method of Separatum of K from Rb and C«.) 

THo, (tmFteFlc aeM) yields a white precipitate of kydrle mliidie tmr- 

trate, THoBbo, which is soluble in 10'8 parts of water of 25^ 0. 

Rubidium and caesium resemble potassium, also, in forming eUnnu, which 
differ considerably in their solubility in water. 100 parts of water of 17° C. 
dissolve 13*5 parts of potassium-alum, 2*27 of rubidium — and only 0'62 part of 
caesium-alum. 

Separation of Caesium fl'om Rubidium. — The several platinum salts are first 
prepared ; and after having been gently heated in a current of hydrogen, the 
CsCl and EbCl can be separated from the metallic platinum by hot water. The 
two chlorides are next converted into carbonates, by digestion with OOAgOj. 
The solution can then be evaporated to dryness, and the COCsoj extracted with 
boiling alcohol, OORbOg being insoluble. Or the carbonates may be converted 
into acid tartrates, by adding to the solution twice as much tartaric acid as is 
necessary to neutralize it. The two tartrates are separated by fractional crystal- 
lization, hydric rubidic tartrate crystallizing out first, being about 8 times more 
insoluble in water than the hydric caesic tartrate. On ignition, the pure tar- 
trate yields again the carbonate, from which the various salts may then be 
prepared, 

3. LITHIIJIII, Li. Atomic weight, 7. — Appears to be widely diffused in 
nature, although it is found, in anything like quantities, only in a few silicates, 
especially in lithia mica or lepidolite (2 to 5 per cent, of Li), in petalite and 
spodumene^ and in a few phosphates, such as triphylliney or ferrous [man- 
ganous] lithic phosphate, 3P202Feo"8, POLipj (with 3 to 4 per cent, of Li) , and 
amblygonite (6 to 9 per cent, of Li). It has also been found in many mineral 
springs — most abundantly as yet in a mineral spring in Cornwall — in sea- 
water, in the ashes of various kinds of tobacco, and other plants, and in some 
meteorites. 

The metal lithium is much less oxidizable than potassium and sodium. It 
makes a lead-grey streak on paper. When fireshly cut, it has the colour of silver : 
but it tarnishes quickly, on exposure to the air, becoming slightly yellow. It is 
harder than potassium and sodium, but softer than lead. It floats on rock oil, 
and is the lightest of all known solids, its specific gravity being only '59. It 
decomposes water at the ordinary temperatures, with evolution of hydrogen, 
forming lithic hydrate, LiHo, but does not melt, and it ignites in air only far 
above its melting point (180° C). The oxide, OLi^, is not deliquescent. The 
metal is prepared by passing a powerful galvanic current into fused lithic 
chloride. 

BEACTIONS IN THE DSY WAY. 

Lithium salts are more fusible than potassium or sodium salts, and impart 
a very distinct carmine-red colour to the blowpipe flame, when heated on 
platinum wire. An excess of potassium salt does not materially interfere with 
the production of this colour ; but the presence of a small quantity of soda gives 
rise to a yellow flame. Lithic phosphate requires to be moistened first with 
hvdrochloric acid. Silicates containing lithia must first be decomposed by means 
01 oil of vitriol, or by fusion with calcic sulphate, or also by treatment with 
hydrofluoric acid. By means of the spectroscope the occurrence of very minute 
traces of lithium may be readily detected by a brUliant crimson band, Lio^ 
between the lines B and C, and sometimes ^ faint yellow line, if the flame of % 
good Bunsen burner be employed. 

BBACTioirs nr the wbt way. 

Use A SOLUTION OF Lithic Chlobide, LiCL 
PtCli produces no precipitate. 

POUoNaoj (kydrlc diaodie plMispliate) — ^but not the corresponding 
potassium saltr— produces on boiling a white precipitate of UtUc pJiospJiate, 
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2POLio2 + Aq, very little soluble in oold water (2600 parts), soluble in HCl, 
and reprecipitated only, on boiling, after neutraliisation with AmHo. 

liitkic CarlMinat^, especially after having been fused, is diffieultiy sohiUe 
in cold water, hence alkaline carbonates yield Iroin concentrated solutiona of 
lithiun^ salts a crystalline precipitate of lithio carbonate, COLioo (1 part of the 
qarbpnate requires 100 parts of cold water for its solution, but less of boiling 
water.) It is insoluble in alcohoL 

VyOrlc lltlilc tmrtvate is soluble, 

lilUiic slUcolliiu»rUle is almost insoluble. 

Sepitration of Lithium, — From potassium, as well as caasium and rubidium, 
it n^ay be separated by means of FtCli. From sodium, by converting the two 
i^kalies into the chlorides, evaporating to dryness, and treating the dried chlo- 
rides in a stoppered bottle with a mixture of ether and absolute alcohol. In the 
course of a few days the LiCl will be found dissolved out, NaCl (like KCl) being 
insoluble in absolute alcohol and ether. 

Remark. — The stadent will now have no difficulty in construct- 
ing a table for the separation of these fiye metals. 

ExTEACTiON OP Lithiitm: fsom Teiphylline. — Dissolve the powdered ore 
in HCl, with a Uttle NO3H0 (in order to convert Fe" into Fe*^), neutralize with 
AmHo, when PaOjFeao^S and P202Mno"3 are precipitated. The solution, on filter- 
ing, may contain some more phosphoric acid, which may be removed by adding 
sBa, and filtering ofi'the precipitated POHoBao. On removing the excess of SBa, 
with a few drops of SO2H02, and evaporating the filtrate, and driving off the 
ammonium salts by gentle ignition, lithic chloride is left. The hydrate may be 
prepared from this by evaporation with sulphuric acid (so as to obtain S02Lio2)', 
and addition of BaHoj, and filtering. The excess of BaH02 is next cautiously 
removed from the filtrate by means of SO2H02. On evaporation^ white crystal- 
line, strongly alkaline, Uthic hydrate, LiHo, is left. 
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GROUP IIL 

Group III comprises the Rare Metals Ueanium, Indium (Thal- 
lium), Glucinum, Thoeium, Zirconium, Cerium, Lanthanum, Didy- 
MiUM, Titanium, Taittalum, Niobium, Yttrium, Erbium, and Vana- 

DIUM. 

As it is extremely difficult to commercially obtain the salts of 
these metals in a pnre state, and as the price charged for them puts 
them out of the reach of most students, it will be preferable to 
sketcb out briefly how the minerals themselves can be made to 
furnish the several salts, when once tbe mineralogical character 
and localitj.of the minerals lu^ve marked them out as likely to 
contain any rare metals. 

(A.) JS>are medals precipUated hy the group-reagents AmCl, 
AmHo, and SAms, in the form, of oxides (hydrates). 

Besides tke metals aluminium and chromium, already treated of 
in the main portion of the book, tkere are : — 

1. CSLUCINVSI (Beryllium) Gl" (or Be'^. Atomic weight, 9*4--This metal 
occurs only in a few minerals, and is found rerr locally, as a Silicate, in 
phenacitCi SiG^lo^ (45 per cent, of 6^10), oombiaea with alumiiuo lilicate ; in 
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heryl^ Si605A.l20'*GHo"3 (13*8 per cent, of Q-lO), and in smaragditey in euclasi, 
and some other rare metals, such as leucophan€. 

The metal is prepared, like the metal aluminium, from the chloride. It is 
white, and has a specific gravity of 2*1. It resemhles aluminium in dissolving 
in HCl, as well as KHo, with evolution of hydrogen. Its oxide forms a white 
powder, insoluble in water. It may be prepared by fusing finely-powdered 
native silicate with 4 parts of its weight of fusion-mixture, decomposing the 
mass with HCl, and evaporating to dryness to separate the SiO^. From the 
HCl filtrate both the AL2O3 and Q-IO are precipitated by means of AmHo. On 
boiling the precipitate, howeyer, for some time with AmCl, NH3 is evolyed, and 
glucinum is dissolved out as chloride, OiM'Cl^- The insoluble AlgHog remains 
behind. Pure glucina can then be precipitated from the filtrate by means of 
AmHo, as gelatinous hydrate, G-IH02, which on ignition yields the white anhy- 
drous glucina, GIO, of specific gravity 3 08. 

From the oxide the salts are obtained by dissolving in the respective acids, 
or by double decomposition, from one of its soluble salts. Glucina resembles 
alumina, inasmuch as it combines also both vnth acids and bases. Its salts are 
colourless, and of a sweet, slightly astringent taste ; they show an acid reaction. 

REA.OTIONS IN THE DEY WAY. 

Glucinum compounds give no characteristic reactions in the dry way. 
N2O4C00" yields a grey mass. 

EEACTIONS IN THE WET WAY. 

Use a solution op Glfcinio Sttlphate, SO2GI0". 

The {proup-reagrents AmHo and SAm2, as well as the fixed caustic alkalies 
and alkaline earthy bases, precipitate grluclnlc hydrate, G-IH02 (flocculent), 
soluble, like Al^Hog, in excess of the fixed alkalies, but not in ammonia. On 
boiling, G-IH02 is almost completely reprecipitated from a dilute NaHo or KHo 
solution. (Distinction peom Al^Og.) Like AI2O3, it is reprecipitated also on 
the addition of AmCl. 

COAmo2 gives a white precipitate of irlueinlc carbonate, COQlo'' freely 
soluble in excess, reprecipitated as basic carbonate on boiling. (Distinc- 
tion PBOM AI2O3.) 

C0Nao2, or OOX03, precipitates likewise white carbonate, soluble only in large 

excess of the precipitants. 
COBao'' precipitates glucinum completely, even in the cold. 

Besides these characteristic reactions, may be mentioned the difficultly soluble 
double sulphate, ar\-f^^^'^" + ^^% which the readily soluble glucinic sul- 
phate forms, when brought together with potassic sulphate. 

Sepaeation op AI2O3 PEOM CHO. — Dissolve in HCl; pour slowly, and with 
continued stirring, into a warm concentrated solution of 00Amo2. A precipi- 
tate forms, consisting of Al2Hog, the solution containing the glucinum as double 
carbonate. Neutralize with HCl ; boil and add AmHo. G-IH02 is precipitated. 

2. ZlRCONlIJ]II, Zr^^ Atomic weight, 89-6.— Found as Silicate, chiefly 
in the rare mineral zircon^ SiZro*^. The silicate is not attacked by acids, and 
the finely elutriated substance must be decomposed by fusion at a high tempe- 
rature with fusion-mixture. The mass is extracted with water, evaporated to 
dryness with HCl, in order to remove Si02, and to de<jompose the insoluble, 
sandy-looking dlsodlc zirconate, ZTONao2, and is then precipitated with 
ummonia. The metal itself has been obtained in white metallic looking scales, 
of specific gravity 4*1, by the decomposition of the double fluoride of potassium 
and zirconium, 2KF,ZrF4, by means of metallic aluminium. The hydrate is a 
voluminous white body, resembling AI^Hog. It dries up to yellowish, trans- 
parent lumps, ZrHo4, which dissolve readily in acids. On ignition, this hydrate 
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loses its water, and undergoes a molecular change, when the dioxide, or zirconie 
anhydride, ZrOi, is no longer soluble in dilute acids. 

Zirconium salts, obtained by dissolving the hydrate in dilute acids, are colour- 
less, and of an astringent taste. 

BEACTIONS IN THE DEY WAY, 

Of all the earthy oxides, Zr02 i^ the only one which remains entirely unaltered 
when submitted to the action of the oxyhydrogen blowpipe, and gives out the 
most intense and the most fixed light. Moistened with N2O4C00", and intensely 
heated, the mass becomes of a dirty Tiolet colour. With borax, Zr02 yields a 
colourless glass which becomes slightly opaque when cold. 

BEACTIONS IN THE WET WAY, 

Use a SOLUTION of Zieconic Sulphate, S204Zro*^. 

The trroup-reagrcnts, SAm2 or AmHo, produce a white flocculent precipi- 
tate of zlrconlc hydrate, ZrHo4, insoluble in excess ; insoluble also in NaHo 
or KHo (Distinction pbom A1 and Gl). 

KHo, or NalTo, same precipitate, insoluble in excess, not dissolved by a boil- 
ing solution of AmCl (Distinction pbom GH) . 
C0Amo2 produces a white flocculent precipitate of a basic carbonate, 

readily soluble in excess, reprecipitated on boiling (Distinction pbom 

A1). 
OOK02 and CONao2, same precipitate, redissolves iu a large excess of OOK02, 

especially of OOHoKo (Distinction pbom A1). 
COBao'' gives no precipitate in the cold, and precipitates glucinum salts 

imperfectly, even on boiling. 
Oxalic acid gives a bulky precipitate of zlrconlc oxalate (Distinction 

PBOM Al AND Gl), insoluble in excess, difficultly soluble in HCl, soluble in 

excess of ammonic oxalate (Distinction pbom Th). 
HF produces no precipitate (Distinction pbom Tli and Y). 
SSONao2 precipitates zlrconlc hypiisulphlde (SSO)2Zro^^ (Distinction 

PBOM Y, Er, AND Di) . The separation takes place on boiling, even in the 

presence of 100 parts of water to one of Zr02 (Distinction pbom Ce and 

La). 

Zirconie sulphate, S204Zro^^, forms with potassic sulphate an insoluble double 
sulphate of Zr and K, insoluble in excess of SO2K02 (Distinction pbom Al 
AND Gl). When precipitated cold, it dissolves readily in a large proportion of 
HCl, but is almost insoluble in water, and HCl, when the SO2K02 is added to a 
hot solution (Distinction pbom Th and Ce). 

Turmeric paper, when dipped into a hydrochloric acid solution of a zirco' 
nium salty acquires a brownish-red colour after drying in the water-bath (Dis- 
tinction PBOM Th). But titanic acid — the only other metal which affects 
turmeric paper under the same circumstances — colours the paper brovm^ and its 
presence may therefore prevent the zirconium from being recognized. If the Ti02 
be, however, first reduced by means of zinc and HCl, to the state of sesqui- 
chloride — the reduction being marked in the solution by a change of colour to 
pale violet or blue — it no longer colours turmeric paper, and any change in the 
colour of the latter is then due to zirconium alone. The reaction requires great 
care, however, as, on exposure of the paper to air, the 'Ti'^jOa, passing again to 
the state of Ti*^02, would in its turn colour the turmeric paper, and thus render 
the observation doubtful. 

Certain chemical discrepancies in the behaviour of the zirconium compounds, 
but more especially the fact that the specific gravity of zircons from various 
localities differs greatly, also from recent observations of spectra, have led chemists 
to suspect that Zr02 really consists of a mixture of two or more closely allied 
oxides, like the metals of the yttrium and cerium group. No method has, however, 
as yet been devised for isolating any other oxide. 
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8. TMORIU Jf , Tli^^ Atomic weight 234.^Fotind in a few rate minerals 
only, viz., in thorite {prangite), consisting principally of a hydrated silicate 
(3SiTho'^.40H2), in monacite 'tOidi pyrochlor. 

Thorite is decomposed by moderately concentrated SO2H02, and also by con- 
centrated HCl. The oxide or anhydride, TI1O2, is white when cold, yellow when 
hot. The moist hydrate dissolves readily in acids ; the dried hydrate only with 
difficulty. Thorium salts containing colourless acids are white. 

EBACTIOKS IK THB DEY WAY. 

^Ii02, when heated before the blowpipe, remains infusible ; it imparts no 
tinge to the flame, and gives a colourless borax bead. It yields no characteristic 
reaction with N2O4C00". 

EBAOTIOifS Ur T»B WEI? WAT. 

Use a solution or Thoeic Sttlphate, S204Tho*^. 

SAmj, or AmAo (si'oup-rettffeiits), precipitates the white gelatinous 

kydrate, Th.OHo2, insoluble in excess. 
KHo, or NaHo, same precipitate, insoluble in excess (Distinction feom A1 

AND GH). 
COAmo2, 00X02, or CONaoj, precipitates white liaslc thorlc carbonate, 

readily soluble in an excess of the precipitants, difficultly soluble in dilute 

solutions (Distinction feoh A1). From a solution in COAmo2 thoric 

carbonate is reprecipitated, even at 50*^ C. 
COBao" precipitates thorium salts completely in the cold. 
Oxalic add produces a tcAi'^d precipitate (Distinction feoh A1 and G1), 

not soluble in excess nor in dilute mineral acids; soluble in ammonic 

acetate, containing free acetic acid (Distinction feom Y and Ce). 

HE precipitates gelatinous tlioric tetrafluorMe, TI1F4, which becomes 
pulverulent after some time ; the precipitate is insoluble in water, and in HF 
(Distinction peom A1, GH, Zr, and TIO2). 

SSONao2 precipitates thorlc li7po§iilpliite, (SS02Tho'^, mixed with sul- 
phur, from neutral or acid solutions. The precipitation is not complete (Dis- 
tikotion peom Y, Er, and Di). 

A boiling concentrated solution of SOsKoj precipitates slowly, but completely, 
the whole of the thorium sulphate as white crystalline insoluble peta§8lo- 
thorlc sulphate (S02)4Ko4Tho*'' + 2OH2 (Distinction peom: A1 and GH), 
soluble with difficulty in cold, and also in hot water, readily on the addition of 
some HCl. 

4. YTTRIUm, Y". Atomic weight, 61-7; and 5, KnttltJM, Er". Atomic 
weight, 112*6. — These very rare elements are only found in a few minerals, in 
ytterhite, or gadolinitej orthite^ yttrotantalitCy etc.* The metals have never 
been obtained pure. Yttrium and erbium always occur together in nature, and 
closely resemble the metals of the cerite group. They diner from most other 
earths in being completely soluble in acids, even after ignition, and from the 
cerite oxides, by not forming an insoluble double sulphate with potassic sul- 
phate. In other respects the two exhibit almost the same behaviour with 
reagents, and can only be approximately separated from each other. The colour 
of the yttrium salts is white. Erbium salts have a more or less bright rose tint, 
crystallize readily, and possess a sweet astringent taste. Anhydrous TCI2) is not 
volatile (Distinction peom A1, GH, and Zr). 

EEACTIONS IN THE DEY WAY. 

Ko peculiar reaction with borax, no colour to the flame, and a sreylsh-blue 
coloured mass with N2O4C00''. 

* A new metal has recently been recOgniBod in yttrium minerals, and provi- 
sionally termed Scandium, 



REACTIONS OF THE RARE METALS. 207 

BBAOTIONS nr THB WET WAY. 

Use solutions of the Nitbatbs, K2O4Y0'' and K304Ero'', and test them 
side by side. 

SAmj, or AmHo drronp-reaireiits) precipitates the hydrates, insoluble 
in excess. Large excess of SAm^ somewhat prevents the precipitation of 
yttric hydrate. 

KMo, or KaHo precipitates white hydrates, TH02, o^ BrHo2, insoluble in 
excess (distinction pbom A1 and Q-1). The precipitation of yttrium 

by alkaline hydrates is not preyented by the presence of TH02 (dis- 
tinction FBOM Al, GH, Th, ANDZr), yttrium being slowly but completely 

precipitated as tartrate, TYo^. 
COE02, and OONao2, precipitate vfhite carlHiiiates , difficultly soluble in 
excess, more readily soluble in COHoKo, and in COAmo2 (but not so 
readily as OOCHo"). On boiling the whole of the yttria is deposited 
(distinction op Y fbom Al, GH, Th, Ce, and Di). AmCl decomposes 
COYo", with erolution of KHg and CO2, and formation of YCI2. Satu- 
rated solutions of COYo'^ in COAmo2, have a tendency to deposit the 

double carbonate, q^-v a o ®"* 

COBao*' produces with erbium salts no precipitate, either in the cold, or on 
heating ; and yttrium salts are but imperfectly precipitated on heating 
(distinction op Er and Y pbom Al, Ol, Th, Co, La, Di). 

Oxalic Acid produces a precipitate of wkite yttric oxalate, 

{CO 
^qYo^jOHj. (Distinction op Y pbom Al and G1), insoluble in 

excess, difficultly soluble in dilute HCl, and partially dissolved by Ixnling 
with ammonic oxalate. Erbium salts are likewise precipitated as oxalate, 

-j Q^Ero",OH2, in the form of a light rose-coloured, heavy sandy powder. 

HF precipitates white amorphous hydrated yttric fluoride, insoluble 
in water and HF ; soluble, before ignition, in mineral acids ; decom- 
posed only by strong SO2H02. (Distinction op Y pbom Al, GW, Zr, 
AND Ti.) 

A cold saturated solution of SO2Y0" becomes turbid between 30° — iO°C., and 
on boiling, is precipitated almost entirely. 

802Ero'' forms with SO2K02, potasslo-erhlc sulphate, S204Ko2Ero'', 
difficultly soluble in cold water, when hydrated, but readily soluble in the 
anhydrous condition, and on warming. 

Potassic yttric sulphate, S2O4K02Y0", dissolves readily in water, and in 
a solution of SO2K02 (distinction op Y and Er pbom Th, Zr, and the Metals 

OP the CeBITE &BOUP). 

When erbium nitrate is heated on a platinum wire in a gas flame, it imparts - 
an intense greenish colour to the flame, wliich, when seen through the spectro- 
scope, shows bright lines in the yellow and green, also in the orange and in the 
blue in an otherwise continuous spectrum. These bright lines coincide vrith 
certain black, so-called absorption-bands, which erbium gives when white light 
is passed through a concentrated solution of its salts. These absorption bands 
are characteristic for erbium, as yttrium solutions show none under like circum- 
stances. 

Sbpabation op Y PBOM Er. — ^The different solubility of the nitrates of 
erbium and yttrium in water has been made available for the separation of these 
two closely allied metals. On heating a mixture of their nitrates to incipient 
decomposition, and dissolving the residue in boiling water, the solution deposits 
on cooling rose-red crystals of basic erbic nitrate, N20a(Er02)"Ero", whilst the 
mother-liquor contains chiefly yttric nitrate. £y repeating the same process of 
separation several times over, the earths may be obtained pufe by finally igniting 
the nitrates. 
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6. CERIUM, Ce" and »''. Atomic weight, 92. 7. LANTHANUJf, La". 
Atomic weight, 92*8. 8. DIDTMIVN, Di . Atomic weight, 96. These three 
rare metals constitute, like yttrium and erbium, a group which may conyenieutly 
be studied together. The most abundant of the few cerium minerals is cerite, a 
hydrated silicatb of the three metals, Ce, La, and Di, as well as of iron and 
calcium, ,Si[Ceo"Lao"Dio"Feo"Cao"]2. The finely-powdered mineral is readily 
and completely decomposed by boiling with concentrated HCl, or aqua regia ; or 
by fusion with fusion-mixture : or lastly, by boiling with concentrated SOjHo^. 

CERIIJW. — This metal exists both in the dyad, pseudo-triad, and tetrad 
condition. Thus it forms the several oxides : — 

Ce"0 'Oe^'aOa Ce»^02 and €6304 == CeO.CeaOa. 

Cerous oxide. Ceric oxide Ceric Ceroso-ceric oxide, or 

(sesquioxide.) dioxide. triceric tetroxide. 

Cerous and ceric oxide are both capable of combining with acids to form two 
series of salts, of which the cerous are the more stable and most important. They 
are colourless, or slightly amethyst-red and acid to litmus. Cerous chloride is 
not volatile (Distinction pbom A1, G1, and Zr). Cerous sulphate is not entirely 
soluble in boiling water. 

BEACTIONS IN THB DEY WAY. 

All cerium compounds give with borax, or microcosmic salt, in the outer 
flame, a clear bead which is dark red while hot (Distinction fbom the pbe- 
CEDING EABTHs), fainter or nearly colourless on cooling. Li the inner flame, a 
colourless bead, or if ceric oxide is present, a yellow opaque bead is obtained. 
Lanthanum compounds give colourless beads, and didymium compounds give 
with borax colourless, or, if in large quantity, pale rose-coloured beads, in both 
flames, and vrith microcosmic salt, in the reducing flame, an amethyst-red bead, 
inclining to violet. 

BEACTIONS IN THB WET WAT. 

A. CEROUS COMPOUNDS. — ^A solution of Cebous Chlobede, Ce"Cl2, 
may be used. 

SAmj (si'oup-reairent) throws down the white cerous kydrate, CeHoj, 
insoluble in excess. 

AmHo precipitates a basic salt, insoluble in excess : the presence of THa> 
prevents the precipitation of AmHo (Distinction fbom Y) , but not by 
KHo. 

KHo, or NaHo, precipitates white cerous hydrate, insoluble in excess, 
which turns yellow on exposure to the air, or when acted upon by oxidizing 
agents, such as chlorine water, sodic hypochlorite, etc., being converted 
into the yellow hydrated ceroso-cerlc oxide, Ce304,30H2 (Distinction 
PBOM Al and GH). 

COK02, CONao2, or COAmo2, produces a white precipitate of cerous car- 
bonate, COCeo'', sparingly soluble in excess of the fixed carbonates, 
somewhat more soluble in COAmo2 ; insoluble in water and CO2 ; decom- 
posed by dilute acids. 

COBao" precipitates cerium salts slowly, but completely on standing. 

Oxalic Acid, or Amnionic oxalate, precipitates cerium compounds com- 
pletely, even from moderately acid solutions, as a curdy white precipitate (turn- 

ing slowly crystalline) of cerous oxalate, < no^®^"' ^^^oluble in excess of 

the precipitants (distinction pbom Zr), but soluble in a large excess of HCl. 
On ignition cerous oxalate leaves yellowish-white ceroso-ceric oxide, 00304 (Dis- 
tinction pbom A1 and Q-1, which form soluble oxalates). 

A saturated solution of potassic sulphate produces a white crystalline preci- 
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pifcate of pota8§io-cerous-8iiIphate, 8204X02000^^, eyen from somewhat acid 
solutions (Distinction pbom A1 and Q-1) ; difficultly soluble in cold water, 
readily soluble on heating ; quite insoluble in a saturated solution of SO^Koj 
(Distinction pbom Y and Er) ; soluble in much dilute HOI. With dilute solu- 
tions the precipitate takes some time to form. 

This characteristic precipitate, as well as the easily distinguishable oxalate, 
and the yellow precipitate of ceroso-ceric oxide — ^free from La and Di, precipitable 
in the filtrate as oxalates — ^whioh oxidizing agents produce, serve to distinguish 
cerium from all other metals. 

Sepabation op Oe pbom La and Di. — A convenient method of oxidizing and 
separating cerous salts consists, according to GHbbSj in treating with PbOj and 
dilute NO2H0 (analogous to the oxidation of manganous to a higher oxide), when 
the solution turns yellow, even if only small quantities of cerium be present. By 
evaporating the yellowish solution to dryness and heating sufficiently to drive off 
part of the NO2H0, so as to form a basic eerie nitrate, insoluble in water or dilute 
KOjHo, lanthanum and didymium can be dissolved out as nitrates. After re- 
moving the plumbic nitrate from the solution by SH2, the La and Di are preci- 
pitated as oxalates. The residuary basic eerie nitrate is dissolved in fuming 
NOjHo, any lead removed by SH2, and the cerium precipitated as oxalate. 

B. CERIC COMPOUNDS.— Salts of 'Ce^'^Os, such as the sulphate, oxa- 
late, etc., are yellow, and are either difficultly soluble, or insoluble, in water. 
Dyad cerium appears, in fact, to give rise to more stable compounds : thus Ce^iOs, 
when heated with HCl does not form Ce2Cl6, but yields 2CeOl2 + CI2. 

Oxidizing agents, such as 01, passed into a solution of KHo, containing CeHo2 
in suspension, sodic hypochlorite, Pb02 and NO2H0, HerO and potassic perman- 
ganate, convert cerous into eerie compounds, and furnish methods for the separa- 
tion of Oe from La and Di. Reducing agents produce the reverse chemical 
action. Oerium resembles in this respect iron rather than aluminium. 

LANTHANVm, — This metal forms only proto-salts, which are colourless, 
when free from didymium salts, and possess a sweet astringent taste. * Lanthanic 
oxide is white, and is not altered, even by strong ignition (Distinction pbom Oe), 
being still readily soluble in acids. Both the oxide and the hydrate turn red 
litmus paper blue. It decomposes ammonium salts, in solution, on boiling, with 
evolution of NH3. Lanthanum resembles in tliis respect magnesium. A solution, 
saturated in the cold, of lanthanic sulphate deposits a portion of the salt already 
at 30° 0. (Distinction pbom Oe'^. In its reactions l^thanum closely resembles 
cerium. 

EB actions in THB WBT WAT. 

Use a solution op Lanthanic Ohloeide, La^'Olj. 

SAm2i or AmHo, precipitates basic salts, which pass milky through the filter 

on washing. 
KHo, or NaHo, precipitates lanthanic hydrate, LaHoj, insoluble in excess, 

unalterable in the air, or in the presence of oxidizing agents (Distinction 

pbom Oe). 
COAmo2 gives a precipitate which is insoluble in an excess of the precipitant 

(Distinction pbom Oe). 
OOE02, or CONao2, OOBao'', oxalic acid, or potassic sulphate, give the 

same precipitates as with cerium salts. 

When the slimy precipitate which a cold dilute solution of lanthanic acetate 
yields, on supersaturation with AmHo, is washed repeatedly with cold water, 
and a few small crystals of iodine added to it, a blue coloration is produced 
which gradually pervades the entire mixture {characteristic for La compounds 
only), 

m p 
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DlDTmiUf. — ^This metal forms likewise only proto-salts, coloured a pure 
pink, like the sulphate, or rose-red ; sometimes a faint yiolet, like the nitrate. 
The oxide is pure white and remains soluble in acids when strongly ignited. (The 
existence of a peroxide Di^'^Oj is doubtful.) In contact with water it is slowly 
oonyerted into the hydrate, without acquiring an alkaline reaction. It rapidly 
attracts CO2, and is readily dissolved by the weakest acids. It expels ammonia 
from ammonium salts when boiled with them. The chloride, DiClj, is not vola- 
tile. The nitrate, on heating, ia converted into a basic salt, N-jOJ^DiOo/'aDio" 
+ 5Aq. (Distinction from La), which is grey when hot and also when cold 
(Distinction pbom Er). A saturated solution of didymic sulphate begins to 
deposit red crystals of the salt at 53° C, until at 100° C. one part of the salt only 
is held in solution by 50 parts of water (Method of separation of La from: 
Di). Didymium salts resemble in their chemical deportment lanthanum and 
cerium salts. 

BEACTIONS IN THE WET WAT. '' 

Employ A SOLUTION of the Chloride, Di"Cl2, or Sulphate, S02Dio". 

SAm2, or AmHo (frroap-reairents), precipitates basic salt, insoluble in 
AmHo, but slightly soluble in AmCl, with displacement of NH3. 

£Ho, or NaHo, precipitates gelatinous dldymle hydrate, DiHoj, resembling 
AI2HO6, but of a pale-rose colour. It is insoluble in excess, and does not 
alter in the air. 

COKo2,CONao2,or COAmoj, produces a copious precipitate of didymic car- 
bonate, OODio", insoluble in excess of the precipitants (Distinction 
FROM Ce), but slightly soluble in a concentrated solution of Am CI. 

OOBao" precipitates didymium compounds slowly (more slowly than Ce or 
La), and never completely. 

Oxalic add precipitates didymium salts, l< -j^Dio"+ 4AqY almost com- 
pletely, amnionic oxalate completely. The precipitate is difficultly soluble 
in cold HCI, but dissolves on heating. 

A concentrated solution of SO2K02, or better still, S02Nao2, precipitates didy- 
mium solutions more slowly and less completely than cerous solutions, as a rose- 
white potasslo-dldymic sulphate, S204Ko2Dio'' + Aq, slightly soluble in 
water, less soluble in an excess of the reagent, difficultly soluble in hot HCI. 

When a ray of white Ught is sent through a didymium solution, and examined 
by the spectroscope, dark bands are seen in the continuous spectrum. Dilute 
solutions show these absorption bands in the yellow and green, concentrated solu- 
tions exhibit, in addition, several other well defined narrower bands in various 
other parts of the spectrum. 

Remarks. — In order to master still more completely the reactions for the 
8 earthy metals already treated of, the student should tabulate them according 
to the scheme given on page 50, when the slight differences which exist between 
many of their reactions, and which often furnish the only means for their separa- 
tion, are brought out still more prominently. 



9. TITANIUm, Ti" and »^ Atomic weight, 50.— This, as well as the two next 
following metals (usually treated of in Group III, because they are precipitated 
by the group reagents, AmCl, AmHo, and SAm2), differ entirely from the pre- 
viously treated metals. Their anhydrides, Ti^^Og, Ta^gOg, and Nb^jOg, are 
essentially acids, analogous to SiOg, Sn02, Sb205, etc., and are found in nature 
either in the uncombined state (Ti02), or combined with various metallic bases, 
as Titanates, Tantalates, and Niobates. 

Titanium is found as Anhydride (almost pure) in the minerals Rutile^ 
Anatase^ and Brookite ; combined with bases, chiefly Ume, in TUanite, TiOCao", 
in titaniferous iron, n(Fe203), m(TiORo"). and is found in small quantities in 
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many iron ores, in fire-clays^ and generally in Silicates. (Hence its occurrence in 
blast-furnace slags, as Nitride^ TiCy2,3TiaN2, in bright copper-coloured cubes.) 

Titanium forms several oxides, of which two are known with certainty, anl 
one whose existence is probable, viz. : — 



Tro 


'Ti^'jOs 


Ti^^Oj 


Titanous oxide 


Titanic oxid» 


Titiinic anhydride 


(probable) . 


(sesquioxido). 





The last oxide, actmg as ar weak base, and forming mostly very unstable salts, 
and likewise as an acid, is the only one which is of sufl&cient importance to be 
studied analytically. 

In order to prepare some pure titanic anhydride, finely-powdered rutile 
is fused with 3 parts of OOK02, the fused mass powdlered and treated with cold 
water, which removes Si02 and alkaline silicates, and leaves insoluble potasslc 
tiranate, TiOKo2, together with ferric oxide. This* is washed by decantation 
or on a filter, with cold water, and dissolved in cold dilute HCl. On diluting 
considerably with water and heating to boiling, f6r some time, the whole of the 
titanium is precipitated as meta-tltanlc hydrate Ti*^OHo2 (^^ being held 
in solution by the acid), which differs from (ortho) titanic acid in being quite 
insoluble in all acids, except strong sulphuric acid, whilst titanic hydrate (ob- 
tained by precipitation with alkalies), of exactly the same composition, is readily 
soluble even in dilute SO2H02, or HCl. The precipitated m eta- titanic acid is 
usually tinged yellow, owing to some ferric oxide which is carried down with it. 
It is best, therefore, to filter off*, to wash with a solution of AmCl, and redissolve 
the precipitate in strong SO2H02. After dilution with water, it is reprecipi- 
tated once more by long -continued hoilingy and is then all but free from iron. 
(Method of sepaeation from A1, G1, Y, and Th.) A more expeditious method 
for separating the iron oxide consists in precipitating the two metals from the 
dilute acid solution by means of ammonic sulphide, as PeS and TiOHo^, and to 
treat the precipitate with aqueous sulphurous acid, which dissolves the PeS, and 
leaves pure ortho-titanic acid. 

Another method consists in fusing the titanium compound with 6 times its 
weight of SOijHoKo, till it yields a clear mass, soluble in a large quantity of 
cold water, acidulated with dilute SO2H02, from which meta-titanic acid is pre- 
cipitated as above. Si02, if present, is not attacked by SO2H0K0, and remains 
in the insoluble residue. 

Pure Ti02 may also be obtained by fusion with acid potassic fluoride, and 
dissolving the fused mass in dilute HCl. Potassic titanic fluoride, 2KF,TiF4,' 
which is difficultly soluble in water (1 part requires 96 parts at 14* C), is col- 
lected on a filter and washed with cold water, and purified by recrystallization 
from boiling water. Its aqueous solution, when precipitated with AmHo, yields 
titanic hydrate, which on ignition is converted with incandescence into pure 
titanic anliydrlde — lohitej when only feebfy ignited, yellotoish or brownish^ 
when intensely ignited. 

Si02, or silicates, containing traces of TiCX., may be decomposed with HF. 
SO2H02 must likewise be added in order to prevent a portion of the 
titanium from being volatilized with the SiF4. 

BEACTIOK'8 IN THE DEY WAY. 

Titanium compounds, when heat-ed on charcoal, before the blowpipe, are not 
reduced to the metallic state (Distinction fbom In)» Heated in a borax bead 
(on charcoal), or better still, in a bead of microcosmic salt, pure Ti02, or a 
titanate, containing bases which do not themselves colour the borax bead, yields 
in the outer flame, a colourless glass, but in the inner flame, a glass which is 
yellow while hot, but assumes a Tiolet colour on cooling. The reduction is 
promoted by the addition of a little zinc or tin. If some S02Feo" be added, 
the bead obtained in the inner flame becomes blood-red. 

p 2 
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bsactioxs ik thb wet wat. 

Use a solution of Titanic acid in HCL 

SAmo, AmHo, KHo, or NaHo, alkaline carbonates, as well as OOBao'', pro- 
duce a bulky iohite precipitate of (orttao-) tltanle hydrate, Ti^^OHo^, 

which is insoluble in an excess of the precipitant^. When thrown down 
in the cold, and washed with cold water, it is readily soluble in dilute 
HCl, or in dilute SO2H02. Washing with hot water conyerts it into 

insoluble meta-tftanlc hydrate. The presence of TH03 prevents the 
precipitation. (Iron, as well as Ni, Co, Zn, and U, which are precipi- 
tated bj SAmj in the presence of TH02 and AmHo (the metal Mn is not), 
may thus be separated from Ti02.) 

K4FeCy6 produces a dark-brown precipitate. 

Infttslon of sails, brownish precipitate, which speedily turns orange* 
red. 

POHoNao2 throws down the titanic acid almost completely from an acid 
solution as a white gelatinous phosphate^ which when washed and dried 
leaves a basic salt, 2Ti02, PaOg, or P20(Ti04vi)Tio*^ 

Metallic tin, or zinc, immersed in a HCl solution of TiO^, evolves hydrogen 
and reduces the Ti*^02 to 'Tl'^oOs, which gives rise to a pale violet or blue 
coloration, and finally throws down a dark violet precipitate, which is rapidly 
reoxidized to white Ti02, with decomposition of the water, or when exposed to 
the air. This reaction frequently reveals the presence of TiOj, in the analysis of 
iron oreSy during the process of reduction with zinCj previous to the estimation of 
iron by potassic permanganate. 



10. TANTALUM, Ta'. Atomic weight, 182. 11. NIOBIUM, Nb^ Atomic 
weight, 94. — This group of metals occurs only in a few minerals, found, as yet, in 
a few localities, and, then, only in small quantities. The difficulty of detecting 
mere traces of them may account for their having been overlooked in others in 
which they have since been found, viz., in tinstone and wolfram. 

In some of the minerals, either tantalum or niobium prevails, such as in 
tantalite and in niobite (columbite). They are meta- compounds, and may 
be expressed by the general formula: — m(Ta02)2Feo" + n(Nb02)2Feo''. In 
yttrotantalite — the OBTHO-compound — of the formula : — Ta202(Nb202)Ro''8, R" 
stands for Y" [Er", Ce", U", Fe", Ca"] and in euxenite^ woehleritey and pyro- 
Mor, the metal niobium occurs as a PYBO-niobate, combined with fluorides, viz., 

(3Nb203llo"2), 5(NaK)F. 

Tantalum and niobium exist chiefly in the pentad condition, as is evidenced 
by the composition of their oxides (anhydrides), chlorides, fluorides, etc., etc., 
viz. : — 

Tantalic anhydride, Ta^205. Chloride, Ta^Clg. Fluoride, Ta^Fj. 
Kiobic „ Nb^sOs- ,, Nb^Clg. „ Nb^Fj. 

A lower oxide, 'Ta*^204, and sulphide, 'Ta^*2S4, are said to exist. In tantalates, 
and niobates, the acids closely resemble arsenic, or phosphoric acid ; they can 
cfist as meta-Ta^(Nb^)02Ho, pyro- Ta^2(Nb^2)03Ho4, or ortho- Ta(Nb^)OHo3 
tantalic (niobic) acid. 

TANTAL.IC and NIOBIC ANHYDRIDES are prepared from tanta- 
litcs, or niobites, by fusing the finely-powdered mineral with 3 parts of SO2H0K0. 
The fused mass is extracted with water, whereby the bases are principally 
removed as sulpliates. The residuary Ta^Os, and Nb^Ofi, are washed and fused 
once more with hydric potassic sulphate, etc. The residue after having been 
weU washed is dissolved in HF, and a boiling solution of HF,KF gradually 
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added to it. The liquid^ on cooliDg, or on concentration, yields difficultly soluble 
potasslc lluo-tantalate, 2KF,TaF£ (soluble in about 150 — 200 parts of water 
only), whilst the mother-liquors contain potassic fluo-oxynlobate, 2EF, 
NbOFs, Offj which is soluble in 12*4 to 13 parts of water (Distinction also from 
titanium which forms 2KF, TiF4, soluble in 96 parts of water). These two salts 
may be purified by recrystallization ; and on decomposing them, by heating with 
SO2H02, tantalic and niobic sulphates, and potassic sulphate, are left ; this latter 
can be boiled out with water. When SO2H02 is expelled from the insoluble 
tantalic, or niobic sulphate, by strong ignition, or by heating in an atmosphere of 
ammonic carbonate, Ta^Os, or Nb^Os, is left. 



TATVTALlJ.1ff. — The anhydride is a white powder. When strongly ignited 
it turns a pale yellow, without emitting any light, and becomes insoluble in HCl, 
or strong SOjUo^. (Distinction fbom TlOj.) 

Fused with KHo, it is rendered soluble in water ; fused with NaHo, it 
forms chiefly sodlc meta-tantalate, TaOjNao, insoluble in excess of NaHo, 
but soluble in water. When a solution of soda is added to this solution, sodic 
tantalate is precipitated. Hydrated tantalic acid dissolves in HF, from a con- 
centrated solution of which KF precipitates the iine, needle-shaped, potassic 
11 uo- tantalate. By prolonged boiling with water, this soluble salt changes to 
an insoluble compound, Ta205,2KF,TaF5, the formation of which affords the 
means of detecting the smallest quantity of fluo- tantalate in mother-hquors, con- 
taining potassic fluo-oxyniobate. 

REACTIONS IN THE DRY WAY. 

Microcosmic salt dissolves Ta^Og to a colourless bead in both flames, and does 
not acquire a blood-red tint by the addition of ferrous sulphate (Dis'SINCTION 
F^OM TiOj). 

BEACTIONS IN THE WET WAY. 

Use a solution op TaOaKo in water. 

The tantalates of the alkali metals are soluble in water, all others (formed by 
double decomposition) are insoluble in water and decomposed by acids. 

HCl precipitates Ta^O^, at first, then redissoWes it in excess. 

GO2 passed through a solution of an alkaUne tantalate, precipitates acid, or 

antaydro-tantalate. 
AmHo, or SAm^, precipitates from a HCl solution taiitalie hydrate, or an 

acid ammonic tantalate ; TH02 prevents the precipitation. 
AmCl, or SOjAmo^, precipitates tantalle hydrate, TaOjHo. 
K^FeCyg gives from acidified solutions, a yellowish-white precipitate which 

turns brown by the addition of a few drops of AmHo, and is soluble ia 

larger quantities. 
K^Fe^Cyis, a yellow precipitate. 

Infaslon of sails, added to an acidified (SO2H0S or HCl) solution of an 
alkaline tantalate, forms a light-yellow precipitate, soluble in alkalies. 

Metallic zinc and HCl do not reduce TaaOg, and no blue coloration (or only 
a very faint one) is observed (Distinction fkom Kb^O^). 

NIOBIUHr. — Niobic anhydride, NbjOj, is white, but turns transiently 
yellow when ignited. By strong ignition in hydrogen it is converted into 
'Nb*^304. Like tantalic anhydride, it combines both with bases and acids. Con- 
centrated sulphuric acid dissolves niobic anhydride, unless it has been too 
strongly ignited, and the solution remains clear, on the addition of much water 
(Distinction fbom TagOg). 

On fusing with caustic potash, a clear mass consisting chiefly of potassic 
metaniobate, NbO^Ko, is obtained, which is readily soluble in water, but is pre- 
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eipitated as sodic -salt, on ike addition of NaHo. Sodic meta-niobate, obtained 
bj fusion with caustic soda, behayes like tbe correspondiag met^-tantalate. 

BEACTIOKS IS TEnt DBT WAT. 

Microcosmic salt dissolyes Xb^O^ readily ; in the outer flame a bead, colour- 
less) whilst hot, is obtained ; in the inner flame the bead acquires a Tfolet, 
111 ve, or brown colour, according to the quantity of the aoid preseut, and a red 
c^ilour, when a little ferrous sulphate is dissolved in it. 

beacttoys in the wet way. 

Use an aqueofs solftion op Potassic Niobatb. 

The niobates of the alkalies are insoluble in water, all cfthers «re insoluble, 
and are decomposed by acids. 

Bf literal acldii, especially Snlphnrle acid, eyen at the ordinaiy tempera- 
ture, precipitate nloblc hydrate, nearly insoluble in the acid. (The 
precipitation of tantalic hydrate requires the aid of heat.) 

Oxalic acid does not affect alkaline niobates. 

SAmj, or Amllo, precipitates from acidified solutions of KhjOg the hydrate, 
containing ammonia, soluble in hydrofluoric acid. 

AmCl precipitates the acid, but only slowly and incompletely, more especially 
if in the presence of alkaline carbonates. 

K4FeOye gives, with a solution of an alkaline niobate which has been Bcidu^ 
lated with sulphuric or hydrochloric acid, a red precipitate. 

KjFejCyis, a bright yellow precipitate. 

Infaslon of Galls, an orange-red precipitate. 

A piece of zinc immersed in an acidulated solution, forms a beautiful bl^e 
precipitate, which after a time changes to brown. {Tantalates yield none or enlif 
fi faint blue colour.) 

(B.) Rare Metals, precipitated hy the Grmip-reagent, AmCl, AmHo 

and SAm2 in the form of Sulphides, 

I. lJRANirM[, U" and pseudo-triad. Atomic weight, 120 [240 (?)].— 
Uranium is not a very abundant metal ; it is found principally in pitch-blende, 
which contains from 40 to 90 per cent, of uranoso-uranic oxidb, XJSO4; in 
uranium-ochre^ or sulphate ; and in uranite or uranium mica, which is a calcic 
(cupric) uranic phosphate. In small quantities it exists in several rare mineral?, 
such as euxenite, yttrotantalite, &c. 

Uranium salts are almost always obtained from pitch-blende. The XT3O4 
therein, is associated with sulphur, arsenic, lead, iron, and several other metals. 
The mineral is finely powdered, freed by elutriation from the liglit^r earthy im- 
purities, roasted for a short time to remove part of the sul{^ur«nd arsenic, then 
dissolved in nitric acid, and the solution evaporated to drjness. The residue is 
exhausted with water, and the solution filtered from a brick-red residue of ferric 
oxide, ferric arsenate and plumbic sulphate. On evaporation, the aqueous solu- 
tion yields crystals of the nitrate, which by dissolving in ether and setting aside for 
spontaneous evaporation, are obtained pure. When recrystallized once more from 
boiling water, they consist of pure uranyllc nitrate, N204(U202)o",60Hj ; 
in which CXX"202)" or uranyl acts as a compound dyad radical analogous to the 
monad compound radicals antimony], (Sb'"(5), bismuthyl (Bi'"0)', &c. 

Uraniimi exists as a dyad and pseudo-triad metal. It forms with oxygen 
two salifiable oxides, together with two intermediate oxides, thus — 

Uranous Uranic oxide or 
oxide. uranyUc oxide. Intermediate oxides. 



XJ"0 'U'^aOa, or ' U^04, or TT4O5, or ^ 

{JJ20.2)"0 'XJ'"203,XJ"0 (dark green). 'XJ'"203,2XJ"0 (black). 
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Uranous chloride. Uranylic chloride. Pentachloride. 

XXCI2 (XX202)"Cl2 XJaCls. 

Uranous sulphate. Uranylic sulphate. 

SO2O2U, or SO2U0" S0A(U20J", or S02(U202)o" 



the general formula, 



Uranic oxide and its hydrate combine both with acids to form uranylic salts, 
and with the oxides of the more electro-positire metals to form acid uranates, of 

• (XJ203)"Ro 

s O + XOH2, analogous to dichromates, disulphates, 

I (XJ202)"Eo 

etc. These are yellow, insoluble in water, but are decomposed by acids. Disodic 
diurauate (uranium yellow) is much used as a pigment in glass and porcelain 
manufactures. ( 

EEACTIONS IN THE DBY WAY. 

Borax and microcosmic salt gire with uranium compounds, in the inner 
flame of the blowpipe, grrcen beads, in the outer flame yellow beads, which 
acquire a yellowisli-grrcen tint on cooling. The oxides of uranium are not 
reduced by fusion with CONao2 on charcoal. « 

EEACTIONS IN THE WET WAY. 

A. TRANOrs COHPiiUNUS.— Use a Solution op Uranous Sul- 
phate, SO2U0". (Prepared by dissolving uranoso-uranic oxide in hot oii of 
vitriol, diluting with water and evaporating iii vacuo.) 

Uranous salts constitute powerful reducing agents. They are green, or 
greenish-white, and yield green aqueous solutions. 

SAm2 forms a black precipitate of uranous sulphide, XJ^'S. 

AmHo, KHo, or Nallo, throws down red-brown gelatinous uranous hy- 

ilrate, XJ"Ho2. 
COK02, CONao2, or COAmo2, precipitates green uranous hydrate, soluble 

in excess, especially in excess of COAmo2. 

Uranous salts become oxidized to uranic salts, by exposure to air, or by treat- 
ment with nitric acid, etc. Q-old and silver salts are speedily reduced by them, 
and ferric salts are reduced to ferrous salts. 

B. UR4NIC CO.lfPOlJNUS.— Use a Solution op Ubanic Nitbate, 
NP4(U202)o". 

Uranic salts are yellow, they are mostly soluble in water, and are reduced to 
uranous salts by SH2 and by alcohol, or ether, in sunlight. 

SAm2 produces in the cold a chocolate-brown precipitate of uranylic sul- 
phide, containing also ammonic sulphide and water. It is insoluble in 
yellow ammonic sulphide. On warming or boiling the liquid which con- 
tains the uranylic sulphide (1X2^2) 3> suspended in it, the precipitate 
splits up into sulphur and black uranous oxide, XJ"0, which is insoluble 
in excess of SAm2. Uranylic sulphide dissolves readily in neutral ammo- 
nic carbonate. [Method op sbpaeation of U pbom Zn, Mn, and Fe.] 

AmHo, KHo, or NaHo, produces a yellow precipitate, consisting of acid 
uranate of the alkali metal; insoluble in excess of the precipitant ; not 
precipitated in the presence of tartaric acid. 

The ammonia precipitate is soluble in a solution of ammonic carbonate, and 
SAm2 does not precipitate the uranium from this solution. 

COK02, OONaoj, or COAmo2, gives a light yellow precipitate, consisting (in 
the case of potassic carbonate) , of pota^sio-uranic carbonate ; readily 
soluble in an excess of the precipitant. By treating the hqiiid with 
dilute sulphuric acid, as long as effervescence takes place, an acid uranate 
is precipitated. [Method op Separation op U from A1 and Fe*^.] 

COBao" completely precipitates a solution of a uranic salt, even in the cold. 
ISeparation of ' U"' from Ni*' , Co", Mn'\ Fe*', and Zn.'] 
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K4Fe076 produces a reddish-brown precipitate. (Most delicate special 

reaction.) 
KgFe^Cyio produces no change. 
Metallic zinc does not precipitate metallic uranium from its solutions. 

2. THAIiliirm, Tl' and '". Atomic weight, 204.— This metal was dis- 
covered by Crookes in 1861. It occurs in many kinds of copper and iron 
pyrites, but invariably in very minute quantities ; also in many kinds of crude 
sulphur, in some of the deposits from the flues leading from the pyrites furnaces 
to the lead chambers of sulphuric acid works, and in the deposits in the 
chambers themselves. It ha«, moreover, been found in lepidolite, in prepara- 
tions of cadmium and bismuth, in ores of zinc, mercury, and antimony, in the 
ashes of some plants, and in some saline waters. 

The metal is most economically extracted from thalliferrous flue-dust. The 
dust is stirred up with boiling water, the insoluble portion allowed to settle, and 
the clear supernatant liquid syphoned off. On the addition of concentrated 
hydrochloric acid, impure thallious chloride, TlCl, is precipitated. This impure 
chloride is dissolved in conc^trated sulphuric acid, evaporated till the hydro- 
chloric acid, as well as the greater portion of the sulphuric acid, has been driven 
off, then dissolved in boiling water, and a rapid current of sulphuretted hydrogen 
passed through the solution, whereby all the metals of the SHj group are pre- 
cipitated. On now introducing plates of zinc into the dilute acid filtrate, 
spongy metallic thallium is precipitated, which can be readily removed from the 
zinc, and obtained in lumps or bars by pressure. It must be preserved under 
water. 

The salts may be prepared by dissolving the metal in the respective acids, or 
by the double decomposition of soluble thallium salts. 

Thallium forms two series of compounds : — thallious and thallic. In the 
thallious the metal exists as a monad, and in the thallic as a triad. Thus we 
have : — 

Thallious oxide OTlj Thallic oxide Tl/'Og 

Thallious chloride . . TlCl Thallic chloride . . Tl^'Clg, etc., 

together with several intermediate compounds. 

In some of its chemical relations thallium differs from all other metals. In 
many respects it resembles the alkali metals, as, for instance, in forming the 
readily soluble and highly alkaline thallious oxide and carbonate, an insoluble 
double platinum salt, an alum, analogous to ordinary potash alum, and a 
series of thallious phosphates, analogous to the alkaline phosphates. In most 
other respects, however, it is more nearly allied to the heavy metals, especially 
to lead, which it resembles closely in appearance, density, melting-point, specific 
heat, and electric conductivity. 

EEACTIONS IN THE DEY WAT. 

Thallium compounds impart an intense sreen colour to the blowpipe fiamc. 
The spectrum of thallium shows only one emerald-irreen line, TI0, and hence 
its name from daXXdf, green. 

EEACTIONS IN THE WET WAY. 

A. THAIililOlJS COMPOUNDS.— Employ A solution of thalliofs 

SULPHATE, SO2TI02. 

Thallious salts are for the most part colourless and soluble in water, such as 
the nitrate, sulphate, phosphate, tartrate, and acetate. Some are difficultly solu- 
ble, e.ff.f the carbonate and chloride, and a few are almost insoluble, e.ff., the 
iodide. They react neutral to test-paper, and possess a slight metallic taste. 
Thallious oxide, OTI3, is colourless and fusible ; it dissolves in wat-er, the solution 
is colourless, alkaline, caustic, and absorbs carbonic anhydride from the air. It 
also dissolves in alcohol. 

Thallious salts are difficultly converted into thallic salts ; powerful oxidizing 
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agents, auch as nitric acid, are without effect on them. Thej require boiling and 
eyaporating with aqua regia to convert them into the higher salts. 

SHg does not precipitate strongly acidified thallious solutions unless As^Os be 
present, when a part ot the thallium is carried down with the arsenious 
■ulphide, as a brownish-red precipitate. Neutral or very slightly acidified 
solutions are incompletely precipitated by SHj. From acetic acid solu- 
tions the whole of the thallium is thrown down as black thallious sul- 
phide, STI2. 

SAmg ( sroup-reasent) precipitates the whole of the thallium as thallious 
sulphide, insoluble in ammonia, alkaline sulphides, or potassic cyanide. 
Readily soluble in dilute hydrochloric, sulphuric, or nitric acids, but 
difficultly soluble in acetic acid. When exposed to air, thallious sulphide 
is rapidly converted into thallious sulphate. On heating it fuses and 
volatihzes. 

KHo, NaHo, or AmHo, does not precipitate aqueous solutions of thallious 
salts. 

Carbonated alkalies produce a precipitate only from concentrated solutions, 
OOTlos being soluble in 20 parts of water. 

HCl, or a soluble chloride (bromide), throws down white thallious ehloride, 
TlCl; the precipitate subsides readily, and is imalt-erable in the air. 
It is very slightly soluble in boiling water, and still less so in hydrochloric 
acid. 

KI precipitates, even from the most dilute thallious solutions, liffht yellow 
thallious iodide. Til, which is almost entirely insoluble in water, but 
somewhat more soluble in a solution of potassic iodide. This constitutes 
the most delicate reaction for thallious salts. 

OrO^o^ precipitates yellow thallious chromate, Or02Tlo2, insoluble in 
cold nitric or sulphuric acid. 

PtCl4 precipitates difficultly soluble, j^aZe orange-coloured thallious platinie 
chloride, 2TlCl,FtCl|. 

Zinc precipitates metallic thallium. 

B. THALLIC COMPOUNDS. — Employ A solution of thallio ohlo- 
EIDB, Tr'Clg. 

ThaUic salts are easily distinguished from thaUious salts by their behaviour 
with caustic and carbonated alkalies, which precipitate brown gelatinous thallic 
hydrate, Tr"OHo, insoluble in excess. 

Thallic oxide is f carcely acted on by concentrated sulphuric acid in the cold ; 
on heating, thallio sulphate, (S02)3Tlo'"2,70H2, is obtained. When a solution of 
thallic sulphate is boiled, oxygen is given off and a thaUious salt left. When 
treated with HCl, thalUc oxide yields the chloride Tl'^'Clg as a white crystalline 
mass, which on heating splits up into TlCl and CI2. 

HCl, or a soluble chloride (bromide) , produces no precipitate. 
SH2 reduces thallic to thallious salts, with precipitation of Bulx)hur. 

1 OOHo P'^*^^®^ * white pulverulent precipitate. 

POHoNaoj gives a white gelatinous precipitate. 

ASOH03, or a soluble arsenate, gives a yellow gelatinous precipitate. 

Or02Eo2 does not precipitate thallic salts. 

KI gives a precipitate of Til and I2. 

3. HVDIUM, In'^ and pseudo-triad. Atomic weight, 113*4. — Has hitherto 
only been found as a rare and insignificant constituent of some zinc ores {zinc' 
blende from Freiberg), in the metallic zinc prepared from these ores, and in 
tungsten. 

Indium is a white, highly lustrous metal, resembling platinum, soft and 
ductile, of specific gravity 7*42. It fuses easily at ITS** C. It is not oxidized in 
the air or in water. Dilute HCl or SO3H02 dissolves it readily, hydrogen being 
given off. Concentrated sulphuric acid dissolves it with evolution of SO2. This 
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is readily soluble also in cold dilute nitric acid. The oxide, 'Juf'^O^j is brown 
when hot, straw-coloured when cold, and is readily reduced when heated on 
charcoal, or in a current of hydrogen gas. A black dioxide, In^^Oj, exists like- 
wise. 

The principal salts of indium, viz., the sulphate, (802)3 ^^-fi^t 90H"2f t^e 
nitrate, NaOgIno'", and the chloride, In'"Cl3, are freely soluble in water. The 
chloride is volatile and hygroscopic. 

BEAOTIONS IN THE DBY WAT. 

Indium and its compounds impart to the flame a peculiar hhnsh tinge. When 
examined with the aid of a spectroscope two characteristic blae lines can be 
seen, a briglit one in the blue, and a feebler one in the violet. They are, how- 
ever, very transient. The sulphide gives more persistent lines than the chloride. 

BE ACTION 8 IN THE WET WAY, 

A soLTTTiON OP ANY OP THE ABOVE SALTS may be uscd. 

SH3 produces no precipitate in the presence of a strong acid. Indium is, 
however, precipitated like the metal zinc, from slightly acid solutions, or 
in the presence of acetic acid. The slimy precipitate of Indie sulphide, 
'In2''"S3, is of a fine yellow colour. 

SAm2 produces at first a white precipitate from a solution, containing am- 
monic tartrate, said to consist of 'In'^jSg and hydrogen. It turns yellow 
on the addition of acetic acid. The sulphide is insoluble in cold, but 
soluble in hot SAm2, and on cooling it separates again of a white colour. 

KHo, NaHo, or AmlTo, produces a whUe bulky precipitate of Indie hydrate, 
In'^'Hos, resembling aluminic hydbate, quite insoluble in KHo or AmHo. 

The presence of TH02 prevents the precipitation. 
Alkaline carbonates precipitate white gelatinous carbonate. When 

recently precipitated it is soluble in ammonic carbonate, but not in the 

fixed alkaline carbonates. On boiling, indie carbonate separates again. 
COBao'' precipitates indie salts in the cold, as basic salts. (Distinction 

PBOM Zn, Mn, Co, Ni, and Fe.) 
POHoNao2 throws down a bulky white precipitate. 
Alkaline oxalates produce a crystalline precipitate. 
Zinc precipitates the metal in the form of white shining lamine. 

4. VANADIUM, V" and ^. Atomic weight, 51*3. — Occurs only in a few 
very rare minerals, principally in vanaditey or plumbic vanadate and oxychloride, 

(O V 
p,Pb ), analogous in composition to pyromorphite (comp. p. 96) ; 

also to a very small extent in many iron ores (clay and pea iron ores), and, as 
lioscoe discovered, in the copper- bearing beds at Alderley Edge, and Mottram 
St. Andrews, in Cheshire. 

Vanadite may be made the starting point for preparing the several vanadium 
compounds. The mineral is dissolved in nitric acid, and the lead and arsenic 
precipitated by SH2, which at the same time reduces the vanadic pentoxide, 
V^2^6» to tetroxide, 'V^'^^0^. The blue filtered solution is then evaporated to 
dryness, and the residue digested in ammonia, when the vanadic tetroxide 
becomes reoxidized into pentoxide. The ammonic vanadate can be precipitated 
as a white powder from this solution by introducing a lump of sal-ammoniac, 
being scarcely soluble in a saturated solution of AmCl. By exposure to a tem- 
perature below redness, in an open crucible, ammonia is expelled and V^jOs is 
left. 

Vanadium forms several oxides, oxychloiides, chlorides, sulphides, which show 
that the metal is closely allied to the phosphorus and arsenic group. Thus : — 
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Oxides. Oxjohlorides. Ohloridee. Sulphides. 



r—— ^ t ^ t " — ^ 

'V'jOa — VCI3 — 

V'aOa (black) — VClg — 

'V»^204 (blue) — VCi4 'V*^A 

V^aQi V^OCla — V^A 

The most important of these compounds is the pentoxide, or yanadio anhydride, 
identical in composition with phosphoric, arsenic, antinionic, tantalic and niobic 
anhydrides. It combines in different proportions with bases, forming like the 
other anhydrides referred to, three series of salts, via., ortho-^ pyi'O'i and meta- 
vanadates. Fvsed with CONao^, it yields sodic ortbo-vanadate, VONaoj ; but 
when boiled with a solution of an alkali, it forms the meta- vanadate, the latter 
class of vanadates being more stable than the ortho-salts, i^lkaline vanadates are 
soluble in water, inversely to the quantity of free alkali, or alkaline salt present. 
Hence they are precipitated from their solutions by excess of alkali, or by salts 
( AmCl) . {Most characteristic reaction.) 

Vanadic anhydride has a reddish-yellow colour, and is difficultly soluble in 
water (1,000 parts) , forming a Ught yellow solution, which reddens litmus paper. 
It dissolves also in the stronger acids to red or yellow solutions, which become 
frequently decolorized by mere boiling. It unites, however, with bases more 
readily than with acids. 

A sulphuric acid solution of the acid when considerably diluted with water, 
and treated with zinc or sodium amalgam and warmed gently, turns first blue, 
then green, and finally from lavender to violet," The VjO^ becomes reduced to 
'^"oOj ; and on the addition of AmHo, a brown precipitate of the hydrate of the 
dioxide (hypovanadious acid) forms, which absorbs oxygen more rapidly than 
any other known reducing agent^ and bleaches organic colouring matter (indigo 
solution, etc.) as quickly as chlorine. 

Many organic substances, such as oxalic or tartaric acid, sugar, alcohol, 
reduce vanadic acid, especially in the presence of strong mineral acids, to the 
blue 'V^^^jO^. The same takes place when SO2, or SHj, are added to its solutions 
in acid. 

BEACTIONS IK THE DBY WAY, 

Borax dissolves VjOs to a clear bead, colourless^ or, with large quantities of 
the anhydride, yellow^ in the outer flame, beautiful green in the inner flame. 
With larger quantities of vanadic acid it looks brownish whilst hot, and only turns 
green on cooling. 

BEACTIONS IN THE WET WAY. 

Use a solution op Sodic Mbtavanadate, VOjNao. 

Orthovanadates are generally yellow or reddish-yellow, both in the liquid and 
solid state. By boiling in water, the orthovanadates of the alkalies are converterl 
into colourless metavanadates. On the addition of an acid to a solution of a 
neutral or -orthovanadate, the solution becomes yellowish-red, owing to the forma- 
tion of anhydrosalts. 

Ammonic, baric, and plumbic metavanadates are but sparingly soluble in 
water. The alkaline vanadates are more soluble in pure water, than in water 
containing free alkali, or a salt : hence they are precipitated in the presence of 
the latter. All are soluble in nitric acid, but insoluble in alcohol. 

SAmj (irroiip-reagrent) produces a brown coloration in the liquid, and on 
acidulating with HCl, or better with 802Ho^, the soluble ammonic sulpho- 
vanadate is decomposed, and brown pentasulphide, V2S5, mixed with 
sulphur, is precipitated ; the liquid at the same time genenJly acquires a 
blue oolonr. It dissolves with red-brown colour in aqueous solutions of 
alkaline carbonates, hydrates, and sulphhydrates. 

If an acidified solution of an aUoJine vanadate be shaken up with ether con- 
taining peroxide of hydrogen, the aqueous fluid acquires a rcd-lirowii colour. 
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like that of ferric acetate, whilst the ether remaiiis colourless. This reaction ia 
extremelif delicate, 

Yanadic and chromic acids are the only acids whose salts give rise to red- 
coloured solutions. They are, however, differently affected hy reducing agents. 

REACTIONS OF THE RARE METALS OF GROUP II. 

Group II comprises the Rare Metals^ precipitated as Sulphides hy 
SJEr2, from a Hydrochloric Acid Solution, viz. : — 

(A.) As Sulphides, insoluble in yellow Ammonic Sulphide : — Pal- 
ladium, Rhodium, Osmium, Ruthenium. 

1. PALIiADIUM, Pd"and *^ Atondc weight, 106-5.---Occurs native in 
platinum ores, principally, however, alloyed with gold and silver, in a gold ore 
found in Brazil. The gold dust is fused together with silver, and the granular 
alloy heated with nitric acid, in which silver and palladium only dissolve. On 
the addition of sodic chloride, silver is removed as chloride, and the palladium 
may tlien he precipitated as palladious cyanide, by means of mercuric cyanide, 
and decomposed by ignition. 

The metal greatly resembles platinum, but is somewhat darker in colour. 
Its specific gravity is 11*8. Of all the so-called platinum metals it fuses most 
readily, difficultly in an ordinary fire, but easily in the oxy-hydrogen flame. 
Palladium is sparingly soluble in pure nitric acid, but dissolves more readily in 
the red acid. It dissolves slightly in boiling concentrated sulphuric acid, but is 
readily attacked by fusing with hydric potassic sulphate. The true solvent for 
it, as for most other platinum metals, is aqua regia. Palladium forms several 
oxides and chlorides, in which the metal exists either as a dyad or tetrad, 
thus : — 

Palladious oxide Pd"0 Chloride Pd"Cl« 

Palladic „ Pd^^Oj „ Pd=^Cl4 

The lower oxide is obtained on gently igniting palladious nitrate. It is black, 
and its hydrate dark brown. Both part with their oxygen upon intense ignition, 
leaving spongy palladium. The nitrate may be prepared from the metal by dis- 
solving in nitric acid and concentration over a water-bath. It forms then a 
brownish-red non-crystsllizable mass. 

Palladious salts are mostly soluble in water; they are brown or reddish- 
brown ; their dilute solutions are yellow. 

EEACTIONS IN THE WET WAT. 

A SOLUTION OP Palladious Nitbatb, N204Pdo", is used. 

OH2 precipitates a hroton basle salt, from solutions containing slight excess 

of acid only. 
SH2, or SAma, throws down from acid or neutral solutions hlack paUadions 

sulphide, PdS, insoluble in SAmj, but soluble in boiling hydrochloric 

acid, and readily soluble in aqua regia. 
KHo, or NaHo, precipitates a yelloicish-brown basic salt, soluble in excess. 
COK03, or CONaoj, precipitates brovm palladious hydrate, PdHo2, soluble 

in excess, reprecipitated on boiling. 
AmHo, or COAmoj, produces no precipitate from the nitrate, but decolorizes 

the dark brown solution. 
HI, or soluble Iodides give, even in very dilute solutions, a hlacJc precipi- 
tate of palladious Iodide, Pdlj, somewhat soluble in excess of KI. 

(Most characteristic reaction for Pd. It serves for the detection of iodine 

in the presence of chlorine and bromine.) 
"EieOjz gives a yellowish'White gelatinous precipitate of PdCyo, readily soluble 
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in KCj, and in AmHo. Sliglitlj soluble in HCl. It leaves on ignition 
spongy metallic palladium. (Characteristic reaction.) 
CyAms gires no precipitate, even after the addition of SO2. (Distinction 

FBOM ClJ.) 

SnClj produces a hrownish-black precipitate, soluble in HOI, to an intense 
green solution. 

PaUadious salts are reduced to the metallic state bj phosphorus, SOHO^, 

{H 
OOHo' ™®*'*^° ^^^ ^^ "^^» alcohol, etc. 

Palladious chloride, obtained by dissolving PdS in boiling HCl, is precipi- 
tated by ammonia as flesh-coloured ammoiiio - palladious chloride, 

NgHcPd^Cla, soluble in AmHo to a colourless fluid, from which HCl reprecipi- 
tates it as a yellow crystalline chloride, identical in composition. 

AmCl does not precipitate palladium salts. 

KCl precipitates a brownish-red octahedral double chloride, 2KC1, PdOL, 

insoluble in absolute alcohol ; soluble in water to a dark -red fluid. 
All palladium sails are decomposed by ignition, leaving metallic palladium. 

2. RHODIIJIH, Rh'', *^ and ^, also a pseudo-triad. Atomic weight, 10 1^'^ 
— Found in small quantity in platinum ores, and frequently to a considerable 
extent in platinum residues. 

It is a whitish-grey metal, less ductile than platinum, and scarcely softened, 
even in the flame of the oxy-hydrogen blowpipe. The specific gravity of un- 
fused rhodium is 10*64, that of the pure metal, after fusion, 12*1. Rhodium is 
unalterable in the air at ordinary temperatures, but oxidizes at a red heat. It 
also combines with chlorine at a red heat. When pure it resists the auction of 
the strongest acidsy eoen of aqua regia ; but when alloyed with other metals, as 
with Pb, Bi, Cu, and Pt, it is soluble in aqua regia j when, however, alloyed with 
Au, or Ag, it does not dissolve. It is oxidized by fusion with solid caustic 
potash and nitre. Fusion with hydric potassic sulphate converts it into soluble 
potasslc rhodic sulphate, S306(Rh'''£30e)^^ Mixed with sodic chloride, 
and ignited in a current of chlorine, a douhle chloride of sodli^m and 
rhodium, 3NaCl,Bh'''Cl8,120H3, is formed, which is likewise easily soluble in 
water. 

Rhodium forms several oxides, chlorides, sulphides, etc., in which the metal 
exists as a dyad, tetrad (pseudo-triad), or hexad element, thus : — 

Oxides. 

Rhodious oxide Bh^'O. 

Rhodic „ Bh'"203. 

„ dioxide Rh^^Oj. 

Rhodic trioxide (anhydride, acting as a weak acid) Bh^^Os. 

Chlorides. Sulphides. 

Rhodious chloride Bh^'Clj. Rhodious sulphide. . . . Bh^'d. 

Rhodic chloride Bh^'Clg. Rhodic „ .... 'Bh/'Sg. 

or 'Bh^'jCle. 

The most important compounds are the Bh^Clg and BI12O3. Rhodium salts 
are obtained witli difficulty, owing to the insolubility of the metal and its oxide 
in acids. Their lolutions are generally rose-coloured. 

EEAOTION8 IN THB WET WAY. 

Employ a solution op Potassio-Rhodio Sulphate, or of the double 
Chlobide op Sodium and Rhodium. 

SH2, or SAmj. precipitates from a hot solution, brown rhodic sulphide, 
BhjSg, insoluble in SAm^, but soluble in boiling nitric acid. 
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"KHoy or NaHo, gires with the chloride a yeUowi$h-hrown precipitate of 
rhodle hydrate, Bli^Hof, soluble in excess ; in other rhodic salts this 
precipitate appears only on boiling. 

From a solution of rhodic chloride, KHo, producing at first no precipitate, 
^ves, on the addition of alcohol, a brown precipitate of rhodic hydrate. 

AmHo giyes also a yellow precipitate, only formed, howeyer, after some time, 
soluble in HCL 

KI produces a slight yellow precipitate. 

Metallic zinc precipitates black metallic rhodium. 

NOKo (potaifsle nlirlte) gives with the chloride an orange-yellow precipi- 
tate, which is slightly soluble in water, but readily soluble in HCl. 

Rhodium is distinguished from the other platinum metals by its insolubility 
in aqua regia, its solubility in fusing SOjIIoKo, and the behaviour of its chloride 
with potash and alcohol. 

8. 08MIIJM, Os", *▼, •*, and ^", also a pseudo-triad. Atomic weight, 199*2. 
— Found chiefly as a natural alloy of osmium iridium in platinum ores, which 
remains behind undissolved, when the ores are treated with aqua regia, in the 
form of white, metallic-looking, hard grains. Thi^ alloy is attacked by mixing 
it with common salt, or potassic chloride, and exposing it in a glass or porcelain 
tube to a current of moist chlorine gas. Osmic acid is formed, which volatilizes, 
and can be condensed and fixed by passing the fumes into a solution of caustic 
potash. Iridium remains behind in the tube as a double chloride, 2KCl,IrCl4. 
This salt is obtained in reddish-hUick regular octahedra, by recrvstallization 
from water. The alkaline solution is evaporated with excess of sal-ammoniac, 
and leaves on iernition of the dry residue, and extraction with water, metallic 
osmium, as a black powder, or grey, and with metallic lustre. The densest 
metal has a specific gravity of 21*4. Intense white heat volatilizes the metal, 
but does not melt it. In contact with air, it bums the more readily the finer 
the metal is divided, and is converted into osmlc anhydride, 00^***04. Bed 
fuming nitric acid, or aqua regia, dissolves osmium likewise, and oxidizes it to 
O0O4. Very intensely ignited, osmium is rendered insoluble in acids, and has to 
be fused with nitre, and then distilled with nitric acid, when O0O4 distils over. 

Osmium combines with oxygen, or chlorine, etc., in several proportions, 
thus : — 

Osmious oxide Oa'^O Osmious chloride .... Os^'Cls 

Osmic „ 'Os^'jOs Osmic „ .... '08'"2C1«,6KC1 (not 

isolated) 

Osmic dioxide Os^^Oj Osmic tetrachloride . . Os'^Cli 

Osmious anhydride. . Os'^^Os — 

Osmic anhydride. . . . Os'*"04 — 

The two highest oxides combine with bases, and form osmltes and unstable 
oomates. OSO4 is remarkable for its peculiar, exceedingly irritating, and offensive 
odour, resembling that of CI and I. It attacks the raucous membrane and the 
lungs, and is excessively poisonous. It is absorbed by water, and is precipitated 
from its solutions by all metals, even by mercury and silver, as a black metallic 
powder. On heating a mixture of finely-divided osmium, or of the sulphide, with 
potassic chloride in a stream of chlorine gas, a double chloride, O02O1<{6KC1, 
3OH2, is obtained, which crystallizes from water in dark red-brown, regular 
octahedra. The salt is insoluble in alcohol. 

The solution of this double chloride is more stable than tliat of the osmium 
chlorides, and may conveniently be employed for studying the reactions. 

BEACTIONS nr THE WET WAY. 

SH2, or SAms, gives a brownish-black snlphlde, Os^'S, which only sepa- 
rates when a strong acid is present. The precipitate is insoluble in 
SAm^. 
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KHo, or NaHo, AmHo, or OOK03 produces a brownUh-red precipitate of 

hydrated osmic dioxide, 08*^Ho4. 
On fusing the double chloride with OONaoj, dark grey OsOs is obtained. 

Heated with tannic acid, or alcohol, with addition of HCl, the double chlo- 
ride is reduced to the blue osmious chloride, Os^Cls. 

A solution which contains osmic acid (an osmate) is remarkable for its great 
oxldlzlnir power. It decolorizes indigo solution, separates iodine from KI, 
ftonverts alcohol into aldehyde and acetic acid. Sodic sulphite yields a deep 
violet coloration, and dark blue osmious sulphite, SOOso'^, gradually sepa- 
rates. Ferrous sulphate produces a bl€u;k precipitate of OsOj. Stannous chlo- 
rite produces a brown precipitate, soluble in HCl to a brown fluid. All com- 
pounds of osmium yield the metal when ignited in a current of hydrogen. 

4. RIJTHBNIIJM[, Ru", »% ▼», and ^»", also a pseuflo-triad. Atomic weight, 
104*4. — ^Found in small quantity only, in that portion of the platinum ores which 
remains behind, after treating with aqua regia. It is a greyish-white metal, 
closely resembling iridium, and very difficultly fusible. When heated in the air 
it becomes covered with bluish-black ruthenic oxide, Bu^Os, insoluble in acids. 
When pure, it is insoluble in acids, being barely aoted upon by aqua regia ; 
fusion with hvdrio potassic sulphate even remains without action upon it. 

It is attacked, either by fusion with caustic potash and nitre, or potassic 
chlorate, and is converted thereby into potassic ruthenate, Bu'^02Ko2, a dark 
green mass, soluble in water to an orange-coloured fluid, which tinges the skin 
black, from separation of black ruthenic oxide. Acids (NO2H0) throw down the 
black hydrate. 

Or it may be rendered soluble by ignition with potassic chloride in a current 
of chlorine gas, being thus converted into potassic ruthenic chloride, 
2KCl,Bu»^Cl4. 

Ruthenium forms several oxides, chlorides, etc., thus : — 

Ruthenious oxide Bu"0 Ruthenious chloride ...... Bu^Cl^ 

Ruthenic „ 'Bu^'jOs Ruthenic chloride 'Bu'"2Cl8 

Ruthenic dioxide Bu^^Oj Ruthenic tetrachloride .... Bu'*Cl4 

Ruthenic trioxide Bu^Os (known only in combination). 

(anhydride). 

Ruthenic tetroxide Bu'»"04 

(perruthenic anhydride). 

BEACTIONS IN THB WET WAY. 

A flOLunoN of Ruthenic Chloeide, 'Bu'^^jClg, prepared by dissolving in 
HCl the ruthenic hydrate, precipitated by nitric acid, from a solution of potassic 
ruthenate, may be used. It forms an orange-yellow coloured solution, which on 
heating is resolved into HCl and BU3O3. 

SHs produces at first no precipitate, but after some time the fluid acquires an 
azure-bine tint, and deposits brown ruthenic sulphide, BU2S3. This 
reaction is very delicate and characteristic. 

SAmg produces a brownish-black precipitate, difficultly soluble in excess. 

KHo precipitates black ruthenic hydrate, BU2H08, insoluble in alkahes, 
but soluble in acids. 

CyKs produces, in the absence of other platinum metals, after some time a 
red coloration, which gradually changes to purple-red^ and, upon heating, 
to A fine violet tint (very characteristic). 

KCl, or AmCl, produces in concentrated solutions crystalline glossy v^iolet 
precipitates of the double chlorides, difficultly soluble in water, in- 
soluble in alcohol. They are decomposed on boiling with water, with 
separation of black ruthenious oxjchloride. 

NOEo forms a double salt, SNOKo, KsOsRuo''', readily soluble in an excess 
of the alkaline nitrite. On the addition of a few drops of colourless SAmj, 
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the solution assumes a splendid dark red colour, changing to brown, with- 
out precipitation of sulphide. 
Metallic zinc produces at first a fine azure-blue coloration (owing to the reduc- 
tion of 'Bu^'a^^'le to BWCla), which suhsequently disappears, ruthenium 
being deposited in the metallic state. 

(B.) As Sulphides, soluble in yellow amnionic sulphide : — Iridium, 
Molybdenum, Tellurium, and Selenium. 

1. IRIOIlJItl, Ir", *», and ^, also as a pseudo-triad. Atomic weight, 198. — 
Found in platinum ores alloyed with platinum, chiefly, however, in combination 
with osmium, left behind as a native alloy in the form of very hard metaUic- 
looking brittle grains, when the ore is treated with aqua regia. In this con- 
dition, or when reduced at a red heat by hydrogen, from any of its compounds, 
it is insoluble in every add. Fusion with acid potassic sulphate oxidizes, but does 
not dissolve it (Distinction fbom Rh) . When fused with caustic soda in a 
silver crucible with access of air or with sodic nitrate, it is Hkewise oxidiz^, 
but the compound of Ir203 and soda is only partially soluble in water. By the 
action of aqua regia the latter is dissolved to a deep black liquid, containing the 
double chloride of Iridium and sodium, 2NaCl,IrCl4. This same com- 
pound is also obtained when a mixture of the iridium powder and diy sodic 
chloride is heated in a glass or porcelain tube in a current of chlorine gas, and 
the residue dissolved out with water. 

Iridium forms numerous compounds with oxygen, chlorine, iodine, sulphur, 
etc., in which the metal exists as a dyad, pseudo-triad, tetrad, or hexad, as will 
be seen from the following list : — 

Oxides. 

Iridious oxide Ir"0. 

Iridic „ 'Ir^'sOg. 

Iridic dioxide (most stable) Ir*^02. 

„ hydrat« (bulky, indigo coloured) Ir*^Ho4. 

Iridic anhydride (not known in the free state) .... Ir^Oj. 

Chlorides. Iodides. Sulphides. 
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Ir^Clg. Ir"l2. Ir"S greyish-black. 

'Ir^'gClfi. 'Ir'Ve- 'Ir^'aSa brownish-black. 

Ir>'Cl4. Iri»l4. 

All iridium chlorides are capable of forming crystalline double chlorides with 
the chlorides of the alkali metals. 

BEACTI0N8 IN THE WET WAT. 

A Solution op the double Ghlobide of Sodium and Ibidium, 
2NaCl,IrCl4, may conveniently be employed. 

SHo first decolorizes the iridium solution with separation of sulphur and 
reduction of the Ir*^Cl4 to Or^'aClc, and finally precipitates brown Iridic 
sulphide, 'It'"^^. 

SAm2 produces the same precipitate, readily soluble in excess. 

KHO or NaHo, added in excess, colours the solution greenish, and precipi- 
tates a little brownish-black potassic double chloride. On heating 
the liquid with exposure to the air, it acquires at first a reddish tint 
which changes afterwards to azure-blue (Distinction fbom Pt), and 
when evaporated to dryness and taken up with water, a colourless solution 
is obtained, and a blue deposit of Iridic dioxide is left undissolved. 

KCl precipitates dark brown potassic Iridic chloride, 2KCl,IrCl4, in 
soluble in a concentrated solution of potassic chloride. 

AmCl throws down from concentrated solutions a da^k red powder, consist- 



molybdate, 
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ing of small octahedral crystals of the ammiiiile donlile ehlorlde, 
2AinCl,IrCl4, insoluble in a concentrated solution of the precipitant. 
Ueducing agents, such as potassic nitrite^ oxalic acid, ^rrous sulphate, 
stannous chloride, mercurous nitrate, reduce this double salt (as well as 
the potassic double chloride) especially when in hot solutions, to the sesqui- 
salt, e.g, : — 

2(2KCl,Ir»^Cl4) + 4NOK:o - eKCl/Ir^'jCl^ + 2NO2K0 + NjOj* 

The double chloride crystallizes out on cooling. 

When Ir^^Ho4 ^ suspended in a solution of potassic nitrite, and the solution 
saturated with sulphurous acid and boiled, with renewal of the water, as long as 
SO] is given off, the whole of the iridium is converted into insoluble broumUh' 
green Iridic salphlte, SO(IrO)V',40H2 (Sbpabation fbom Pt). 

Metallic zinc precipitates black metallic iridium. 

NoTB. — For the separation of the so-called platinum metals the student must 
refer to some larger work on Chemistry, such as ** Watts' Dictionary." 

2. MOIiTBDENUM, Mo'', ▼S ▼<, and ^, also as a pseudo-triad. Atomic 
weight 96. — Occurs only in a few minerals, more especially in molybdic disid- 
phide (Molybdenite, Dio^^S^, resembling graphite, and as plumbic molybdate 
(wttlfenite, or yellow lead ore), MoOjPbo". 

Molybdic anhydride, lioOs, serves for the preparation of anunonic molybdate, 
a reagent largely used now in determining phosphoric acid, and best obtained 
from molybdenite, by first roasting the ore, at a red heat, in an open vessel, 
and dissolving the impure anhydnde in strong ammonia. An acid ammonic 
lioOj Amo 

O + OH2, crystallizes out, on cooling, in large transparent 

DioOjAmo 

crystals. The metal is prepared by intensely heating the oxide in a charcoal- 
lined crucible. It is a silver-white, brittle and exceedingly infusible metal, of 
specific gravity 8*6. It is not affected by exposure to the air, but when heated it 
becomes first brown, then blue, and finally white, passing through various stages 
of oxidation until it is converted into molybdic anhydride, lioOs. Molybdenum 
is insoluble in HCl, but is acted upon by NO^Ho, or aqua regia, being converted 
into the anhydride, if sufficient nitric acid be present. 

It forms with oxygen, chlorine, sulphur, etc., compounds in which the metal 
exists as a dyad, pseudo-triad, tetrad, hexad, and octad, thus : — 

Oxides. Chlorides. Sulphides. 

/ ' ^ t — 7^ ^ / ' ^ 

Molybdous oxide, Mo"0. Mo^Cla. 

Molybdic „ 'Mo^'jOa. 'Mo'^jClc. 

= iioOjIioO]. — 

Molybdic dioxide, Mo^^Oa. llIo**"Cl4. IILo^^S^ {the n&tive molybdenite). 

Molybdic trioxide — Mo^^Sa (sulphomolybdic anhy* 

or anhydride, lioOa — dride). 

llIo"»*"S4 (per - sulphomolybdic 
anhydride). 

The higher oxide (anhydride) and sulphides form oxy- and sulpho-salts,—- 
molybdates and sulpho-moly bates. Black molybdous hydrate, Die H03, forms 
with acids molybdous salts, which absorb oxygen readily from the air, and are 
powerful reducing agents. The principal salts are, however, the molybdates. 

BEAOTION8 Uf TH£ SBY WAY. 

Molybdic anhydride, when heated on charcoal, in the outer flame, first melts, 
and is then partly volatilized and forms a yellow crystaUine sublimate on the 
charcoal which turns white, on cooling ; in the inner flame it is reduced to the 
metallic state (even without CONao^ ; the metal can be obtained as a grey 
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powder, on lerigating the chftrooal. With borax, all oxides of molybdenum give 
in the outer flame a bead which it yeUow, when hot, and colourless, on cooling; 
in the inner flame, a dark-broum bead, which is opaque, when excess of molyb- 
denum has been used. 

BEAOnONS IK THE WBT WAT. 

Employ A soLTTTiON of Ammonio Moltbdatb. 

The alkaline molybdates are soluble in water. Most others are insoluble. 

Nitric, or hydrochloric acid, precipitates white nmlybine add, U0O3H03, 
from a concentrated solution of a molybdate, soluble, howeyer, in a large 
excess of the acid. 

8H3 gradually precipitates from acidulated solutions hrmowitk-hlaok molyli" 
die tersiilphldc, DioSj, soluble in alkaline sulphides or sulpho* salts, 
which are decomposed again by acids with precipitation of DioSf, espe- 
cially on the application of heat. On the addition of a little SH, only, 
the molybdate solution acquires at first a blue tint; added in larger 
quantities, it produces a precipitate, and the supernatant fluid appears 
green^ till on the addition of excess of SHg the whole of the metal sepa- 
rates, though slowly, as a tersulphide. 

SAmj gives a similar precipitate, soluble in excess. 

Redadnir agents, such as SnCl^, TXfifig^", Zn and HOI, ete., produce 
changes, marked chiefly by altersttions in colour. 

The principal and most characteristic reaction for molybdic anhydride con- 
sists, howerer, in precipitating it in a nitric acid soUUion, B^ByeUow phos« 
plio-iiialybdate, or arscalo^molybdate, by the addition of a mere 
trace of soluble phosphate, or arsenate. (Oomp. pp. 194 and 81.) 

3. TEIiLURIUM, Te", ^ and ^. Atomic weight, 188.— Occurs in a few 
places, and in small quantities only, as native metal (graphic and foliated tdlu' 
rium) ; more often in combinat?on with Au, Ag, Bi, Pb, as a (svJpho) -telluride, 
analogous to arsenides, etc. ; or as TBLLVSOicrs acid, in combination with meteUio 
bases. 

Tellurium exhibits all the physical properties of a metal, and resembles anti- 
mony in its general appearance. It is a while, brittle, but readily fusible body, 
which may be sublimed in a glass tube. When heated in the air it bums with a 
greenish'blue flame, emitting thick white fumes of tellurous anhydride, TeOg. 
It is insoluble in HCl, but dissolves readily in NO3H0, lonuing TeOj, a white 
substance which fuses to a yellow fluid, at a gentle heat, and yolatilises on 
stronger ignition in the air. Tellurous anhydride dissolves barely in water, and 
the solution does not redden litmus ; readily in HCl, less so in NOsHo. It also 
dissolves freely in potash, or soda, slowly in ammonia, forming alkaline tellarites. 
On dilution with water, white tellurous hydrate, TeOHoa, is precipitated from 
an acid solution. A nitric acid solution slowly deposits crystalline tellurous 
anhydride, even without the addition of water. 

Tellurium fonus several oxides, chlorides, sulphides, etc., in which the metal 
is a dyad, tetrad, or hexad ; thus : — 

Oxides. 

I ' 1 

Tellurous oxide (anhydride) Te'^Oj. 

„ acid TeOHoj. 

Telluric oxide (anhydride) Te^Oj. 

„ acid ToOsHoi. 

Chlorides. Sxdphides. 

Tellurous, or dichloride TeCls. — 

Telluric, or tetrachloride Te0l4. TeSj. 

-- TeSj. 

It also forms with hydrogen a gaseous compound (tellurietted hydrogen oit 
hydrotelUtric acid), Te'^s (tellurine, analogoiu with sulphine, SH|^ seluriBe, 
SeHo). . , 
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Botli the di- and ter-oxides are capable of forming with metallic bases salts 
called tellurites and tellurcttes. The alkaline and alkaline earthy tellurites — 
formed by fusing tellurous acid with the carbonates of these metals— are all 
more or less soluble in water ; all others obtained by double decomposition are 
insoluble. The tellurates of the alkali metals, prepared in like manner, are also 
soluble in water ; the others are insoluble. They can be prepared by double 
decomposition. 

The sulphides of this metal act as sulpho-acids, forming with the alkaline sul- 
phides, gulphO'teUurites and tellurates. 

BEACTIONS IN THE DEY WAY. 

When tellurites, or tellurates, are heated with charcoal and COKo^, they are 
reduced to potasslc tellarlde, Te'lS^ which produces a black stain on a moist 
silver plate, and is soluble in water, forming a dark-red solution. When HCl is 
added to this solution taydrotellarlc add sas, Te''H2, is evolved, resembling 
SH3 in smell, and soluble in water, to a pale-red solution, which is decomposed in 
contact with air, with deposition of metallic tellurium. 

All compounds of tellmrium are readily reduced on charcoal in the inner 
flame. The i^uced metal is volatilized and forms a white scarcely visible deposit 
of tellurous anhydride on the charcoal. Stannous chloride colours it black, owing 
to the separation of metallic tellurium. 

With borax or microcosmic salt a clear colourless bead is obtained, which when 
heated on charcoal, is rend^ed grey and opaque, owing to reduced metal. 

BIAOTIONS IN THE WIT WAY. 

A. TELLURIC COMPOUNDS. — UsE A SOLUTION OP POTASSic Tel- 
LFBATE, TeOsKos (obtained by fusing potassic tellurite with nitre). 

HCl does not decompose tellurates in the cold, but on boiling the solution 
chlorine is evolved, and on dilution with water tellurous aoid, TeOHo2, ^ 
precipitated, soluble only in a considerable excess of HCl. (Distinction 
OF TeOs FBOH TeOj.) 

B. TELLUROUS CO^HPOUNDS.— TJSE A SOLUTION 09 PoTASSiC Tel- 
LUBITB, TeOKoj. 

HCl decomposes this solution and precipitates white tellurous acid. Tel- 
lurium resembles in this respect Sb and Bi compounds. 

SH3 precipitates from acid solutions hrovm telluroas sulphide, TeS2, 
resembling in colour SnS, and very freely soluble in ammonic sulphide. 

Bedueluff agents, e.g., SONao^, SnCljt, metallic zinc and HCl, a solution 
of sulphurous acid, etc., reduce tellurium compounds and precipitate black 
metalnc tellurium, which is insoluble in an aqueous solution of potassic 
cyanide. ^ 

4. SELEIVIUM, Se", *▼, and ▼*. Atomic weight, 79.— Found native, also 
as SBLENIPES of Cu, Pb, Hg, Ag, Fe, etc. It is occasionally found in t<he flue-dust 
of roasting furnaces, and as a seleniferous deposit in the lead chambers of sul- 
phuric acid works, where the acid is manufactured from seleniferous pyrites. 

It resembles the non-metallio element, sulphur, in many respects, e.g.^ in 
exhibiting like allotropic changes ; in others the metal tellurium. It is a brittle 
dark-brown substance, fuses at 200* C, and vaporizes at about 700° C, and may 
be sublimed. Heated in air it bums with a bluish flame and forms selenlous 
anhydride, SeOj, whilst at the same time a disagreeable odour of decaying 
horse-raddish is given off. The same oxide is formed when selenium is dissolved 
in nitric acid, or aqua regia. Selenates containing selenlc anhydride, SeOs, 
are formed by heat^g selenium, or its compounds, with carbonates and nitrates 
of the alkalies. These oxides form two series of salts, viz., selenites and selenates. 
ThA selenites are the more stable of the two. 

Q 2 
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BEACTIONS IN THK DRY WAY. 

Selenium compounds are reduced, when heated with OONao^, on charcoal, in 
the inner blowpipe flame, and may be readily recognized by the characteristic 
smell of horse-raddish which they gire off. If the saline residue, which contains 
Bodic selenide, SeNaj, be placed on a bright silver coin and moistened with a drop 
of water, a black ^tain is produced on the silver. Treated with dilute HCl, it 
evolves gaseous liydroselenic acid (selcnietted hydrogen) (selurine), SeH], 
analogous in composition and properties to sulphuretted hydrogen. It is an in- 
flammable, foetid, poisonous gas, very soluble in water. The aqueous solution of 
SeHj gradually deposits selenium on exposure to air ; it precipitates selenldeii 
from solutions of many metallic salts. 

BEACTIONS IS THE WET WAY, 
A. SEIiENIC C03IP0UNDS.~USE A SOLUTION OF POTASSIC SbLBNATE, 

SeOjKoj. 

Selenates are stable salts, closely resembling the sulphates. They are soluble 
in water with the exception of the barium, strontium, calcium, and lead salts, 
which are insoluble in water and in dilate acids. 

HCl decomposes selenates, on boiling ; chlorine is evolved, and the salt is 

reduced to a selenite. (Distinction fbom SeOj.) 
SHs does not produce a precipitate, till the selenate has been reduced to 

selenite, by boiling with HCl. 
BaCl2 produces a white precipitate of baric selenate, SeO^Bao'^ insoluble 

in water and in dilute acids ; decomposed by boiling HCL 

B. SEIi^NIOUS COMPOUNDS.— Use a solution of an Alkaline 
Selenite. 

The normal alkaline selenites are soluble in water, most others are insoluble ; 
all acid selenites are soluble. HCl dissolves but does not decompose selenites. 

SH2 produces from an acid solution of a selenite, a lemon-yellow precipitate 
of selenlous sulpblde, SeS^ (?), which almost immediately breaks up 
into its component elements Se + S^, but is readily soluble in ammonic 
sulphide. 

BaCl2 gives a white precipitate of baric selenite, SeOBao'', soluble in dilute 
HCl, or NO3H0. 

Reduclns agents, such as SO3, alkaline sulphites, SnClj, metallic Zn, and 
Fe, precipitate from acidulated (HCl) solutions metallic selenium, as a 
red powder, which turns grey at a high temperature and is soluble in KCy 
solution. (S02Feo'' is without action.) Metallic copper is immediately 
coated black when placed in a warm solution containing hydrochloric acid, 
and on standing, the solution turns light red, from separation of metallic 
selenium. 

Group I comprises the Hare Metals precipitable by HCl, viz., 
the metal Tungsten, or Wolfram, which is precipitated as tungstic 
acid, WO8H02, and Thallium precipitated as thallious chloride, TlCl. 
Several other metals already treated of in Groap III besides 
Thallium, viz., Niobium, Tantalum, Molybdenum, are likewise pre- 
cipitated, but the precipitated acids (Nb02Ho, TaOjHo and 
MoO^Ho) dissolve again in an excess of hydrochloric acid. 

1. TUWGSTEN, or WOLFRAM, W^ and ▼». Atomic weight, 184.--Thi8 
m jtal occurs in nature as teroxide in the foi*m of tungstates, in combination with 
tho bases CaO, FeO, MnO, in the minerals wolfram^ WOj [Feo" Mno"] and 
W JjCao", scheehte, &c. 

The metal can be obtained by intensely heating the oxide in a current of 
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hydrogen. It forms an iron-grey powder, very difficultly fusible, and becomes 
again oxidized to tungstic anhydride, WO3, when heated in air. Dry chlorine gas 
converts it into dark violet, WCl<j, which sublimes, and a more volatile red com- 
pound, 1^7014. Both chlorides are decomposed by water into the corresponding 
hydrates, with formation of HCl. The metal is msoluble, or scarcely sc^uble, in 
acids, even in aqua regia. 

The following are some of the more important compounds which tungsten 
forms with oxygen, chlorine, and sulphur. 

Oxides. Chlorides. Sulphides. 

Tungstic anhydride (lemon-yellow) .... W^^Oa. W''Clfl. W^^Sa- 

Tungstic dioxide (brownish-black) .... W^^Oj. "W^^Cl^. 

Intermediate (blue-coloured) oxide .... WjOs. WCI5. 

= W»^02, W^»03 - WCC, WClfi. 

Tungstic anhydride can be prepared from wolfram or tungsten^ by digesting 
the finely divided mineral in aqua regia, till it is completely decomposed, and 
evaporatmg to dryness on a water-bath. The metallic chlorides are dissolved out 
with acidulated water, and the residue, wliich contains a little silica and some- 
times niobio acid, washed with alcohol and treated with ammonia. Tungstic acid 
is dissolved, and silicic and niobic acids are left behind. From the ammonia salt, 
pure anhydride is obtained by the evaporation of the filtrate and ignition. 

BEAOTIONS IN THE DBT WAT, 

When heated on charcoal in the reducing flame, together with CONaoj and 
KCy, tungstic anhydride is reduced to a black powder, containing metallic 
tungsten. Heated with microcosmic salt, tungsten compounds give a colourless 
bead in the outer flame ; in the inner flame a blue bead, which on the addition 
of a little SO^Feo''' changes to Mood-red. The addition of tiu changes the red 
bead to blue or green. 

BEAOTIONS IN THE WET WAY. 

A SOLUTION OP SoDio Tfngstate, 'WOa"Nrao2, may be used. 

The alkaline tungstates are soluble in water, all others are insoluble, and can 
be obtained by double decomposition. 

Mineral adds (HCl, NO3H0, or SO2H02) precipitate white tmiffstlc acid, 
WO-(Ho2. It turns yellow on boiling, and is quite insoluble in excess of the acids. 
(Distinction fboh M0O3.) Non-volatile acids {e.g., phosphoric, tartaric) pre- 
cipitate it likewise, but the precipitate is soluble in excessv It is also readily 
soluble in AmHo. 

SH2 produces no precipitate from an acid solution, but reduces the tungstic 
acid to the blue oxide, WaO^ 

SAm^ produces no precipitate from alkaline tungstates, but on acidulating 
with HCl, light brown tunsstlc tersulphlde, WSj, is precipitated, 
slightly soluble in pure water, but insoluble in the presence of salts. The 
solution is coloured blue. The precipitated sulphide dissolves readily in 
ammonic sulphide. 

SnClj gives at first a yellow precipitate ; on acidulating with HCl and apply- 
ing heat, the precipitate acquires a beautiful blue colour. This reaction 
is very delicate and highly characteri>8tic. 
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REAGENTS. 
SOLVENTS. 



Distilled Water.* — Obtained by condensing steam by means of a tin worm. 
The first portions of the condensed water usually contain carbonic anhydride and 
amnionic carbonate, and should be rejected. 

Impurities. -^Whea. evaporated in a platinum yessel, distilled water ahonld 
not leave a solid residue, either organic or mineral. Ammonic sulphide ou^t 
not to gire a precipitate (Cu, Pb, Fe), neither ought basic plumbic acetate to 
cause a turbidity (COj, COAmo2). No turbidity or precipitate should be pro- 
duced, moreover, on che addition of ammonic oxalate (lime), baric chloride Sul- 
phates), or argentic nitrate (chlorides). Pure distilled water is colourless, 
inodorous, and tasteless. 

Water used for Nessler's test should be specially distDled in a glass retort 
with a few pieces of caustic potash, and the distillate rejected as long as the 
Nessler solution indicates any traces of ammonia. 

Alcohol (M^tliylatcfl SplHt), O2H5H0 or EtHo;-— Ordinary methylated 
spirit (i.e.y ethylic alcohol, 90 p. c, mixed with 10 p. c. of wood spirit or methylic 
alcohol) may be employed for most purposes. It can be rendered absolute by 
shaking with well dried potassic carbonate and distilling the dear spirit in a flask 
or retort from a water-bath. 

Imjjurities. — Commercial methylated spirit frequently leaves a residue on 
evaporation, if so, it should be rectified by distillation. It should be without 
action upon litmus papers. 

Ether, OEt^. — The ordinary ether (methylated, i,e^ prepared firom methy- 
lated alcohol) of commerce, is pure enough. 

ACIDB. 

Sulphuric Add,* SO2H02.— »Commonoil of vitriol may be tlsed in aU 

operations with which its usual impurities (lead, arsenic, iron, Hme, nitric acid) do 
not interfere. Sulphuric acid, free from arsenic, should be employed for genera- 
ting arsenietted or antimonietted hydrogen, and an acid free from lead, whenever 
this metal has to be precipitated as sulphate. Sulphuric acid, free from nitric 
acid and nitric peroxide, ought to be employed inteuting for nitric acid by means 
of ferrous sulphate. 

Impurities. — Pure sulphuric acid is^jolourless, and leaves no residue on evapo- 
ration in a porceliun dish. When a solution of ferrous sulphate is poured upon it 
m a narrow test-tube, it should not fonoa a brown ring where the two liquids 
come in contact (nitric acid and nitric peroxide)^ nor strike a blue colour when a 
highly diluted solution of the acid is added to a solution of pure potassic iodide 
and starch paste (nitric peroxide) . The ^»«sence of arsenic is best ascertained 
by passing a current of sulphuretted hydrogen through the dilute acid, or by 
generating hydrogen from ziuc free from arsenic, and passing the gas through an 
ignited combustion tube (Marsh's test, Fig. 13). Plumbic sulphate is frequently 
found in sulphuric acid, and is precipitated on diluting with water, being less 

* The asterisk marks tbe more important reagents. 
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soluble in dilutef than in concentrated acid. Hydrochloric acid should cause no 
turbidity (lead) where the two liquids meet. 

The pure acid can readily be bought now, and the student should not attempt 
to purify the crude acid. 

Dilute Sulphuric Add.* — Prepared by pouring slowly one part by 
measure of the concentrated acid (sp. gr. 1*8) into five parts by measure of dis- 
tilled water, with continuous stirring. Thin glass vessels (beakers) or a porce- 
lain dish should be employed, as much heat ift evolved. AUow the plumbic 
sulphate to subside, and decant or syphon oft the clear liquid. 

Nitric Add,* Aquafortis, NOaHo.^^hoold be colourless, and leave no 
residue on evaporation in a. glass dish. 

Impurities. — Sulphuric and hydrochloric acids. Dilute considerably, and 
test portions with baric nitrate and argentic nitrate. 

Dilute Nitric Add.* — Prepared by diluting one part of pure commercial 
acid (sp, gr. 1*38 to 1*45) with three parts of distUled water. 

Crude Nitric Add.* — May be employed for all experiments in which the 
above impurities do not interfere, «.^., in the preparation of N3O3 or NgOg by 
the action of nitric acid upon copper or arsenious anhydride. 

Concentrated Hydrocliloric Acid,* Muriatic Add, HCL — Shotdd be 
colourless, and leave no residue on evaporation. 

Impurities. — Ferric chloride, sulphurous and sulphuric acids, arsenic. The 
acid should not impart a blue colour to a solution of KI and starch paste (CI or 
^efi]^ . — On adding a few drops of a solution containing iodide of starch, the 
blue colour should not be destroyed (SO2) . The dilute acid should remain clear 
on the addition of a solution of baric chloride (SO2H03). Sulphuretted hydro- 
gen, when passed through the dilute acid should not produce a precipitate, 
(arsenic), nor should ammonic sulphocyanate redden the diluted acid (iron). 

Dilute Hydrocliloric Acid.* — Pure commercial acid, sp. gr. 1*16, is diluted 
with three times its bulk of distilled water. 

Crude Hydrochloric Add.* — Should be employed whenever the impuri- 
ties which it contains do not interfere with the object in view, as for instance in 
the preparation of chlorine from manganic dioxide. 

Aqua Reffla or Nltrohydrochloric Add, — Prepared, when required 
only, by mixing one part of concentrated nitric add with three to four parts of 
hydrochloric acid. 

Sulphurous Acid, SOH03. — Prepared by acting with concentrated sul- 
phuric acid upon copper, and passing the gas into water. The solution should 
be kept in a well-stoppered bottle. 

Carbonic Acid Water. — ^A solution is prepared by acting with hydro- 
chloric acid upon marble, and passing the evolved carbonic anhydride into 
water. 

Chlorine Water. — A solution of chlorine in water is readily prepared. It 
should be kept in a well-stoppered bottle, and in a dark place, since on exposure 
to light, it is speedily converted into HCl with evolution of oxygen. 

Acetic Acid,* < QOHo* ^^^^^ commercial acid of sp. gr. 1*04, diluted with 

one part of water may be used. It should leave no residue on evaporation. 
Impurities.^8\jlph.\ixic and hydrochloric acids, lead, copper, iron, lime. 

Tartaric Add, TH03. — ^A solution is prepared when required only, as the 
acid undergoes decomposition in an aqueous solution. One part by weight of 
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oommeroial tartaric acid of sufficient purity is dissolved in three parts of water 
(i.e., 1 grm. in 3 c.c. of water). 

Impurities, — Tartaric acid contains sometimes gypsum and calcic tartrate, 
which, are best tested for by igniting a few crystals on platinum, extracting the 
residue, if any, with a few drops of dilute HCl, and adding to one portion BaCU, 

to another Am Ho, and «< r^ojL 

Oxalic Add, i Qrxjr^' ^^ commercial acid is sufficiently pure. It shoxdd 

not leave more than a trace of a residue on ignition. 

Impurities. — Iron, potassic and sodic oxalates, lime. Dissolve one part by 

weight of the crystallized acid < nOH^' "^ ^ ^*' ^° ^^ parts by measure of 
water. 

Hydrofluoric Add, HF. — A solution stored up in a gutta-percha bottle is 
best bought, as its preparation involves expensive apparatus. It should leave no 
fixed residue on evaporation to dryness. 

Hydrofluosllldc Add, 2HF,SiF4. — ^A solution of this acid in water is pre- 
pared as described, p. 131 . It should be made sufficiently strong to precipitate 
a soluble baric salt readily. 

Impurities. — Owing to the mode of preparation the acid is often contaminated 
with sulphuric acid. It should not produce a precipitate in a solution of a strontic 
salt (SO2H03). 

Hydrosnlphurlc Add, SHn. — Prepared when required. In well appointed 
laboratories sulphuretted hydrogen is now usually stored in a gasholder over oil, 
and supplied like coal gas from small taps, in closets, connected with the chimney. 
The gas, whether obtained from a constant generating apparatus, or from a gas- 
holder, should invariably be passed through a wash -bottle containing water. A 
saturated solution of sulphuretted hydrogen in water answers most purposes of 
the analyst. It slould be kept in a weU-stoppered botde, since sulphuretted 
hydrogen decomposes rapidly when in contact with air with formation of sulphur 
acids and precipitation of white sulphur. 

If the gas be required entirely free from A8IT3, it should be generated by 
acting with pure HCl (concentrated) upon native gre^ antimony , Sb^Sj. 

BASES AND METALS. 

Potassic Hydrate,* KHo, or Sodlc Hydrate, NaHo. — Usually obtained 
in commerce in the form of sticks or lumps, which may be dissolved in twenty 
parts of water. 

Impurities. — Silica, alumina, phosphoric, sulphuric, and hydrochloric acids 
(sulphates and chlorides, often in not inconsiderable quantities), and carbonic 
acid. On dissolving in water, and allowing the suspended matter to subside, the 
clear solution may be syphoned off. 

Pure sodic hydrate is indispensable for the separation of alumina from the 
oxides of iron and chromium. 

Ammoiilc Hydrate,* AmHo. — The liquor ammonia of commerce, sp. gr. 
•88, is diluted with distilled water till the liquid has a sp. gr. of '96 = 10 per 
cent, of NH3. 

Impurities. — A solution of ammonia should be colourless ; on neutralizing 
with pure HCl it should remain inodorous. When evaporated in a glass or 
platinum dish, it should not leave any residue. Ammonia contains frequently 
traces of sulphuric and hydrochloric acids, and sometimes not inconsiderable 
quantities of ammonic carbonate, when it produces a white precipitate on the 
addition of lime water. 
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Baric Hydrate,* BaHos. — Obtained bj dissolving in a stoppered bottle one 
part of crystallized baric hydrate, BaHoj + 8aq. in twenty parts of water. Allow 
to subside and syphon off into another well-stoppered bottle. 

Impurities. — The solution commonly called haryta-toater should, on precipi- 
tating with pure SO3H02, give a filtrate which leaves no fixed residue on evapo- 
rating to dryness in a platinum vessel. 

Calcic Hydrate,* CaHo^. — Freshly slaked lime in powder is used in qualita- 
tive analysis, as well as a solution of lime, so called lime'Water. This is prepared 
by dissolving in cold distilled water some freshly slaked lime, allowing to subside 
in a stoppered bottle, and syphoning off the clear liquid into another bottle. Lime- 
water contains about one part of lime dissolved in 600 of water. 

Ammoiiic Sulphide,* SAmj. — Prepared by saturating three parts of 
ammonic hydrate with sulphuretted hydrogen gas, whereby SHAm is formed. 
On diluting this solution of hydric ammonic sulphide with two parts of ammonic 
hydrate, a sulphide is obtained which contains a little free ammonia. The con- 
centrated solution may be diluted with ten times its bulk of water. It should be 
kept in well-stoppered bottles. Calcic or magneeic salts should not be precipi- 
tated : nor should the solution leave a residue on evaporation and ignition. The 
oxygen of the air decomposes it gradually into NH3, OH3 and yellow SSAm2. 

Yellow Amnionic Sulphide, SSAmg. — Used for the solution and con- 
version of SnS into SxiSj. It may be prepared by digesting the neutral SAmj 
with flowers of sulphur and filtering the liquid. 

Sodlc Sulphide, SNa,. — Prepared by saturating one portion of a solution 
of sodic hydrate with sulphuretted hydrogen, and adding to it the second portion. 
A little ferrous sulphide, which is generally precipitated, is filtered off. The 
solution must be kept in a well-stoppered bottle. 

SALTS. 

Potassle Sulphate, SO2K03. — Dissolve one part of the commercial salt in 
twelve parts of water. 

Potassle Iodide, KI. — The commercial salt is generally sufficiently pure. 
Dissolve in sixty parts of water. Pure £1 should be free from iodate and 
carbonate. It should not colour starch paste blue on the addition of dilute 
SOjHoj. 

Potassle Nitrite, NOKO. — Dissolve one part of the commercial salt in two 
parts of water, when required for use. 

Potassle Chromate, Cr03Ko2. — Dissolve the salt of commerce in ten parts 
of wat^r. 

Impurities. — Sulphuric acid. The sol)ition ought not to become turbid on 
the addition of dilute HCl and BaGlj. 

Dlpotasslc Dlchromate, Or^OsKoj. — ^Purify the commerciisd salt by rc- 
crystallization till it is free from SO^Kos, and dissolve one part in ten of water. 

Potassle IVfetantlmonate, SbOjKo + 5 aq. — Prepared by deflagrating in 
a Hessian crucible one part of finely powdered antimony with four parts of salt- 
petre. Pour the fused mass on a stone slab. Powder it, and boil with, twelve 
parts of water for two or three hours, and filter, when a clear and neutral solution 
is obtained. KCl and AmCl should not precipitate it. 

Potassle Ferrocyanlde,* K4FeCye,and Ferrlcyanlde, 'K^¥e^Cjx2- — ^These 
salts can be purchased in a state of sufficient purity. They are dissolved, in 
small quantities at a time, in twelve parts of water. 

Potassle Snlphocyanate, CyEs, or Ammonic' Sulphoeyanate, CyAms. 
— Dissolve in ten parts of water. 
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ImpwiHes, such as SO3H0S, do not interfere with the reaetionf . 

Sodic Carbonate,* CONaO].— Procure the pure salt, which should be free 
from sulphate and chloride. The solution should not gire a precipitate after 
conversion into a nitrate, when treated with concentrated NO3H0 and MoOsAmos, 
and should not leave a residue, insoluble in water, on acidulating with pure HCI 
and evaporating to dryness (SiO^ . 

Dissolve the dry salt in five parts of water. 

Hydrlc Dlsodlc Phosphate,* POHoNao3 + 12 aq. — ^BecrystaUize the com- 
mercial salt and dissolve one part of pure salt in ten parts of water. 

Impurities. — Sulphate and chloride. — ^Ammonic hydrate should not cause 
any turbidity on warming (alkaline earthy phosphates). 

rcH 

Sodle Aeetate, < nONao '^ ^ '^^' — ^^ commercial salt generally contains 

sodic sulphate. If a pure salt cannot be procured, sodic acetate may be prepared 
by neutralizing pure sodic carbonate with pure acetic acid. Dissolve the salt in 
ten parts of water. 

Sodic Aeetate and Acetle Aeld. — Dissolve 20 grms. of pure crystal- 

{CH 
CON ^ ^^ ^'^* ^^ water, and add 40 cc. of concentrated 

{CH 
COHo' "^^ solution is used for the precipitation of ferric, aluminio, and 

chromic phosphates. 

Hydrle Sodie Sulphite, SSHoNao. — Dissolve one part of the salt in five 
parts of water. Hydric ammonic sulphite may frequently be used with greater 
advantage. 

Sodie Hyposulphite, SSONaoj + 5 aq. — Eeadily procurable in a pure state. 
Dissolve one part of the salt in forty parts of water. 

Sodie Hypochlorite, ClNao. — Prepared by shaking up one part of bleach* 
ing powder with ten parts of water, and adding a saturated solution of commer- 
ciaJ sodic carbonate as long as a precipitate is produced. Allow to subside, and 
syphon off. 

OOAm "*" *^* — ^I*nrify the conmiercial salt by re- 
crystallization and dissolve one part in twenty-four parts of water. 

Impurities. — The salt should leave no fixed residue on ignition. Sulphuretted 
hydrogen or ammonic sulphide ought not to produce a turbidity or a precipitate. 

Amnionic Carbonate,* COAmoo. — Prepared by dissolving one part of the 
commercial sesquicarbonate, after scraping off from the lumps any foreign matter, 
in four parts of water and adding one part of strong ammonia solution. If a 
precipitate of ferric hydrate be thrown down, it is ^owed to subside, and the 
clear solution is syphoned off. 

Impurities. — Iron, lead, sulphuric and hydrochloric acids. The salt should 
volatilize completely and give no precipitate with baric chloride, or argeutio nitrate 
(after acidulating with hydrochloric or nitric acid respectively), also no precipi- 
tate with sulphuretted hydrogen or ammonic sulphide. 

Hydrlc Amnionic Carbonate, COHoAmo. — Obtained in ecdonrlesB 
rhombic prisms, on passing carbonic anhydride to supersaturation into a 
concentrated solution of ammonia. The salt is employed for the separation of 
A82S3 from SbjSs and SnS2. A saturated solution is prepared when required. 

Ammonic Chloride,* AmCl. — The conmiercial salt (sal-ammoniac) usually 
contains iron. Purify by adding to the solution a little ammonic hydrate. 
Allow the ferric hydrate to subside and neutralize the alkaline filtrate exactly 
with pure HCI. The salt should leave no fixed residue on ignition. Dissolve in 
five parts of water. 
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Ammoiile HffolylkUitc, KoOjAmos. — This salt may be purcliased. It is 
dissolved in strong ammonia and allowed to stand for some time. A slight jellow 
precipitate containing ferric hydrate, usually subsides. The clear fluid is poured 
into concentrated nitric acid as long as the molybdic acid which at first precipi- 
tates is entirely redissolved. The nitric acid solution should remain colourless on 
boiling. A yellow precipitate indicates contamination with phosphoric acid, and 
the reagent should not be used, till it remains clear on digestion. 

Ammonle Sulphate, SOjAmO). — Becrystallize the commercial salt from 
an ammoniacal solution in order to separate iron. Keep a saturated solution for 
use. 

Ammonie Nitrate, NOjAmo. — The commercial salt is dissolved, when 
required, to a saturated solution. It riiould leave no residue when ignited on 
platinum. 

Baric Clilorlde,* BaCl^ + 2 af . The commercial salt is rarely pure 
enough, and not 'Unfrequently contains lead. It should not give a precipitate 
with sulphuretted hydrogen or ammonie sulphide, nor should a residue be left 
after precipitating the whole of the barium by pure sulphuric add and evapo- 
rating the filtrate in a platinum dish. Purify, if necessary, by passing a current 
of sulphuretted hydrogen, filtering, and recrystallizing. Dissolve in ten parts of 
water. 

Baric Nitrate, Na04Bao". — Should not be precipitated by argentic 
nitrate, as it is sometimes employed, instead of baric chloride, in order to avoid 
introducing any chlorine into a solution. Pure baric acetate answers the same 
purpose. For other impurities, (test as £or baric chloride. Dissolve one part in 
15 parts of water. 

Baric Carbonate,* COBao". — Prepared by precipitation of pure baric 
chloride with ammonie carbonate and AmHo. Wash well till free from AmCl j 
stir up the precipitated baric carbonate with water to a thick creamy con- 
sistency, and keep it for use in a stoppered bottle. Shake up before using this 
reagent. 

Calcic Ciilorlde,* CaCla^ + 6 aq. — The commercial salt is dissolved in five 
parts of water. The solution should be neutral to test-papers, and should not be 
precipitated by ammonie sulphide (iron). 

Calcic Sulphate, *S02Cao'^ — A saturated solution is prepared by repeatedly 
shaking up gypsum (SCXHoaCao" + aq.) with water, allowing to subside, and 
syphoning off the clear liquid. 

Masneslc Sulphate.— ^'Dissolve the commercial salt (SOHosMgO'' + 6 aq.) 
(recrystalUzed, if necessary) in ten parts of water. 

^a^nesla Mixture. — Dissolve 55 grms. of crystallized KffOlg in distilled 
water, add 70 grms. of AmCl and 350 c.c. of concentrated solution of ammonie 
hydittte, and make up to 1 litre. 

Ferrous Sulphate. — The commercial salt (SOHo^Feo'' + 6 aq.) is pure 
enough. Dissolve as required for use in ten parts of water. 

Ferric Chloride,* Pe^Clj. — Prepared by dissolving freshly precipitated and 
well washed FosHof in pure HCl, keeping the ferric hydrate in excess. Allow 
to cool, dilute with an equal bulk of water and filter. 

Plumhlc Acetate,*,^ j Sq )al*lx>"« Dissolve the commercial salt in ten 

parts of water. 

Arsentlc Wltrate,* NO^Ago. — Prepared either from silver (pure), or from 
a silver alloy (a silver coin), by dissolving in pure nitric acid, and precipitation as 
AgOl. Filter off the cupric salt, and wash thoroughly with hot wat-er ; transfer 
to a porcelain dish, and introduce clean strips of zinc. C(dlect the finely divided 
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silver on a filter, wasli thoronghlj with hot water, acidulated with a little ffalphuric 
acid, and dissolve in dilute nitric acid. Evaporate the solution to dryness, and 
fuse the residue gentlj. Dissolve in twenty parts of water. 

Mercurous Nitrate. — ^Dissolve the crystals of the commercial salt 
jj-Q^Hgao" + 2 aq., in twenty parts of cold water, acidulated with 1*2 parts of 
nitric acid. Keep some metallic mercury in the filtered solution. 

Meretirlc Cbloride, H.gCl^. — Dissolve the commercial corrosive suhlimate 
in twenty parts of water. 

IVessler's Solatlon. — Dissolve 3*5 grms. of KI in 10 c.c. of water ; next 
dissolve 1*6 g^rm. of H^Cls in 30 c.c. of water : add the mercury solution gradu- 
ally, and with continuous agitation to the solution of potassic iodide, until the 
precipitate ceases to he re-dissolved ; then add 60 c.c. of potassic hydrate and 
filter. Keep in a small bottle, out of contact with ammonia fumes. 

This reagent is of great value for the detection of mere traces of ammonia. 

'Caprlc Snlpliate. — The commercial salt (SOHosCuo" + 4aq.) is purified 
by repeated crystallization. Dissolve the crystals in ten parts of water. 
Impurities. — Iron, zinc. 

Capric CMoHde, CuOls' — Prepared by dissolving cupric oxide in HCl. 

Coprous (Tliloriile, 'Cu'sCl^. — Obtained by digesting CuCls with metallic 
copper and HCl. , 

Atannons Chloride, SnOl2» — Prepared by boiling pure granulated tin in 
concentrated HCl, with the aid of a piece of platinum foil. Dilute with four 
volumes of water, acidulated with HCl. Keep the filtered solution over granu- 
lated tin in a small stoppered bottle. 

Aurie eiilorlde, A11CI3. — Prepared by dissolving pure gold in aqua regia, 
evaporating to dryness on a water-bath and dissolving in water. 

Platinic Cliloride, TtCli. — Dissolve some platinum scraps in aqua regia. 
Precipitate with AmCl. Collect precipitate on a Swedish filter- paper ; wash 
with strong alcohol ; dry and ignite in a porcelain crucible, gently at first, and 
lastly to intense redness. Bedissolve the spongy platinum in aqua regis. Evapo- 
rate repeatedly to dryness on a water-batli, with addition of HCl. Dissolve in 
ten parts of water. Pure platinic chloride should dissolve completely in pure 
alcohol. 

METALS AND OXIDES. 

Zinc, free from arsenic, granulated, and ki the form of strips or stidcs. 

Iron {steel) f copper, tin, lead, platinum (used in the form of wire, bars, sheet, 
turnings) and mercury can be ohtained of sufiicient purity for the purposes of 
qualitative analysis. 

illetallie Lead free from SilTer. — Prepared by precipitation of plumbic 
acetate by metallic zinc. 

Plumbic Dioxide, FbOj. — Beadily prepared by digesting red lead in 
boiling dilute nitric acid. The brown powder is well washed by decantation, and 
lastly on the filter. 

HI aniraiiic Dioxide, Mn02.. — ^^^ ^^^ powdered commercial black oxide. 

Hydric Peroxide, O3H;, or Hoa. — A solution may be prepared by passing 
a current of carbonic anhydride through water in which baric peroxide is sus- 
pended. The precipitated baric carbonate is filtered off. The commercial article 
usually contains a little free mineral acid, such as HCl or SO2H03, added in order 
to prevent its spontaneous decomposition. Hydrofluosilicic acid is also some- 
times met with, used probably (in excess) to remove any soluble barium salt. 
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Reagents used for Fusions and for Blovjpipe Reactions, , 

Sodic Carbonate,* OONaoj. — Should be free from sulphate and chloride. 

Fusion Afixture* or White Flnx.<- Consisting of dry OONaoj and 
OOE03, mixed in the proportion of their combining weights, i.e., 106 + 138, or 
in the proportion of 10 to 13. 

Pure carbonates free from silica, chlorides, and sulphates, should be pro- 
cured, as their purification cannot be effected without using silver and platinum 
vessels. 

Black Flux. — ^Prepared by igniting crystals of Rochelle scdt (potassic sodic 
tartrate) in a platinum crucible. Tlie residue consists of carbon and alkaline 
carbonates. 

Hydrlc Amnionic Sodlc Phosphate,* POHoAmoNao + 8 aq. (Micro- 
cosmic Salt). — The salt should be dried and used in the form of a powder. 
On being heated in a loop of platinum wire it is converted into PO^Nao. 

Potassic Cyanide,* KCy. — Exceedingly useful for reducing metallic oxides 
and sulphides, either in the crucible or on charcoal. For blowpipe reactions a 
mixture of equal parts of KCy and C0Na02 (or fusion mixture), is preferable, 
because it sinks readily into the charcoal and yields metallic globules of great 
))urity. For the separation of Ni and Co the salt is dissolved, when requireJ, in 
twenty parts of cold water, as its aqueous solution is rapidly decomposed. 

Potassic Nitrate,* NO2K0. — Used as an oxidizing agent. The commercial 
salt should be purified by dissolving the crystals in hot water to a saturated 
solution, and allowing to cool in a porcelain dish with continuous stirring. The 
nitrate falls out first as a fine white powder, and the impurities, e.g., phosphate, 
sulphate, or chloride, are left in the mother-liquor. 

Potassic Chlorate,* \ ^^ . — ^TMs salt can readily be obtained pure, i.0., 

free from chloride. Either by itself, or in conjunction with hydrochloric acid, it 
serves as a powerful oxidizing agent. 

Borax,* B40gNao3 + 10 aq. — ^The crystals should be gently heated in a 
platinum crucible till the water of crystallization has been driven off, and the 
mass kept powdered and ready for use in blowpipe reactions. 

Hydrlc Potassic Sulphate, SO3H0K0. — ^Prepared by heating in a plati- 
num dish 87 parts of normal potassic sulphate with 49 parta of pure sulphuric 
acid, till the clear mass fuses steadily. Pour out on a porcelain slab, and keep 
the lumps in a bottle. 

Cobaltous Nitrate, N2O4C00". — Used in solution only. Should be free 
from other metals. Dissolve the commercial salt in ten parts of water. 

Vegetahle Colouring Matters, — Test-jpapers. 

Litmus Solution. — Its preparation has been described in the Introduction to 
Inorganic Ckemistn/, p. 9. 

Turmeric Paper, — Prepared by digesting at a gentle heat one part of turmeric 
root with six parts of alcohol, filter and soak strips of porous paper with the 
yellow extract. The dried papers should exhibit a nne yellow tint. Like litmus- 
papers they serve for the detection of free alkalies. All test-papers should be 
kept in well-stoppered bottles or wooden boxes. 

Indigo Solution. — Prepared^by gradually stirring four to six parts of fuming 
sulphuric acid into one part of finely divided indigo, and allowing the mixture to 
stand for 48 hours, before pouring it into 20 parts of water. Filter, and keep for 
use in a dark place. The solution of indigo is used for detecting nitric acid, 
^chloric acid, and free chlorine, .owing to the formation of product<3 of oxidation of 
a yellow colour. 
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APPENDIX IV. 

(A.) EXAMINATION OP A SIMPLE SALT. 

Preliminary Examination for Base. 

Substance given : white crystalline, readily soluble in water, 

reaction of solution alkaline. 



Experiment. 



Heated some of the pow- 
dered substance in a dry 
test-tube. 



Treated residue with water, 
and filtered. Tested with 
litmus paper. 

Added dilute HCl. . 



Tested HCl extract on pla- 
tinum wire in a Bunsen's 
gas flame. 



Observation. 



Gave ofE water ; fused ; 
was slightly blackened ; 
gave off 00, burning 
with a blue flame. 

The residue dissolved ; 
the solution reacted 
strongly alkaline. 

Effervescence, whilst be- 
fore ignition the sub- 
stance did not effervesce. 

Yiolet flame 



Inference. 



Oxalate, formate. 



Alkaline oxalate. 



Potassium. 



Examination op Solution for Base. 



Added HCl. 



No pp. Ab- 
sence of 
Group I. 



Added a solution of SH3 to the same solution. 



No pp. Ab- 
sence of 
Group II. 



To a fresh portion of the solution added AmCl, 
AmHo, and SAm2. 



No pp. Ab- 
sence of 
Group III. 



To the same solution added COAmo^ 



No pp. Ab- 
sence of 
Group IV. 



The solution may con- 
tain — 

MgrO, OK2, ONa^. 
Tested a fresh por- 
tion of solution spe- 
cially for K by adding 
HCl and PtC^, yel- 
lofv crystalline jnreci- 
pitate. 

Presence of K. 

R 2 
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Preliminary Examination for Acid. 



Experiment. 



Treated a portion of the 
powdered substance with 
cpneentrated SO2H02. 

Passed gases into lime- 
water and applied a light 
to the unabsorbed gas. 



Observation. 



Inference. 



CO and COj given off, 
with slight blackening 
of substance. 

White precipitate in lime- 
water ; gas burnt with 
blue flame. 



From decomposition of 
oxalate. 



Examination op Solution for Acid. 



Acidulated with 
IICl. 


Acidulated with 
NOjTTo. 


Acidulated with -j «qu- ' 


No precipitates. 


No precipitates. 


CaCl?, a white pp. 
SOaCao" 

Presence of {^^1^- 



Found Potassic Oxalate. 



(B.) EXAMINATION OF A COMPOUND SUBSTANCE. 

Preliminary Examination for Bases. 
Compound given : a dirty white powder. 



Experiment. 



Heated some of the pow- 
dered substance in a dry 
test-tube. 



Heated a portion of the 
substance, mixed with 
OONaoj, in a bulb-tube. 

Heated some of the pow- 
dered substance on char- 
coal before the blowpipe 
flame. 



Observation. 



Inference. 



Substance fused. Gtive 
heavy white fumes, 
which condensed in the 
upper part of the tube. 

Gave off reddish-brown 
fumes and a gas which 
supported combustion. 
The residue was yel- 
lowish, whilst hot, dirty 
white, on cooling. 

KH3 given off. Mirror 
and metallic globules. 

Substance gave off heavy 
fumes, and was partly 
reduced to the metallic 
state. The metal was 
malleable ; the incrus- 
tation yellow. 

A portion of the ignited 
mass appeared strongly 
luminous. 



Compounds of Am, 
Hg, As, etc. 



From decomposition of 
nitrates of Pb, Bi, 
etc. 



Am and 
pounds. 

Pb. 



Hg com- 



Alkaline earthy bases. 
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Examination of Solution for Bases. 

Substance dissolved partly in water, partly in HCl with evolution 
of COj. On mixing the two solutions, acicular crystals of 
PbCla fell out. Filtered off. Confirmed presence of lead by 
means of CrOgKoa or SO2H02. 



Passed a current of SKj. 



A black pp. 



Evaporated filtrate to dryness, with a few drops of NO^Ho. 
Took up with dilute HCl. Added AmCl, Am Ho, and SAmg. 



No pp. 

Absence of Group III. 



To the same solution added COAmos. 



A white pp. 



On evaporating filtrate to 
dryness, and igniting, 
no fixed residue was 
left. 

Absence of His, K, Na.' 



Examination op Precipitate produced in Group II. 



Washed precipitate till free from HCl, and boiled with SAm2. 



Kesidue. — Boiled with NO2H0. Diluted with OHj, and 
added dilute SO2H02, and methylated ^irit. Filtered. 



Kesidue. — Boiled in ammonic acetate, 
and filtered. 



Residue. — Dried and 
ignited in a bulb- 
tube, with dry 
OONao2. Metallic 
mirror and glo- 
bules. Presence 
of Hff. 



Solution. — ^Added 
Cr02Ko2, yel- 
low precipitate. 
Presence of 
Pb. 



Solution. — SH2 ad- 
ded to a portion 
of solution gave no 
precipitate. Ab- 
sence of Bl, Cu, 
Cd. 



Solution. — Acidu- 
lated with dilute 
HCl. No yellow 
precipitate. Ab- 
sence of As, Sb, 
and Sn. 



Examination of Precipitate produced in Group IV. 



Dissolved precipitate in a little dilute HCl. Tested a portion of the solution 
with SOgCao — no precipitate, even after some time. Absence of Ba and 8r. 
Confirmed presence of Ca by adding to another portion of the solution AmHo 

and -s nOA o' "^ white precipitate. Presence of Ca. 
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Pbeliuinabt Examination fob Acids. 



Experiment. 


Observation. 


Inference. 


Treated with dilute Ha. 




EfPervescence. The gas 

precipitated lime-water. 


OO2. 


Treated with concentrated 


CI and nitrous fumes. 


HCl and VO^Ho. 


SO2H02. 






Confirmed HCl by heating 


Clilorine evolved. 


HCl. 


substance with SCnOs, 






and SO..H03. 






Ditto NO.2H0 by means of 


A brown ring wt^ formed. 


NO2H0. 


SO2H02 and SOiFeo". 







Examination op Solution for Acids. 

Prepared solution by boiling some of the powder with a solution of 

CONaOa ; filtered and acidulated with — 



HCl. 


NO2H0. 


lOOHo 


Neutral solution. 


No precipitates. 


N02Ago, white curdy 
pp., soluble in 
AmHo. Presence 
of HCl. 


No precipitates. 


No precipitates. 



Found— Bases : HsrO, PbO, CaO, OAm 
Acids : CO2, NO2H0, HCl. 
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separate exercises or lessons, with examples for practice, to facilitate the instruction of large 
classes. The method of instruction here followed has been adopted by the author, 
after nearly thirty years' experience as a teacher in the laboratory. 



G, Fownes and Henry Waits 

A MANUAL OF CHEMISTRY. By G. Fownes, F.R,S. 

Edited by Henry Watts, B.A., F.R.S. Twelfth Edition. 

Vol. I. — Physical and Inorganic Chemistry. With 154 Engravings 

and Coloured Plate of Spectra . . Crown Svo, 8s. 6d. 

Vol. II. — Chemistry of Carbon Compounds, or Organic Chemistry. 

with Engravings . . . Crown Svo, los. 

Remigius Fresemus 

QUALITATIVE ANALYSIS. By C. Remigius Fresenius. 

Edited by Arthur Vacher. Ninth Edition, with Coloured Plate of 
Spectra and 47 Engravings . . Svo, 12s. 6d. 

By the same Author 

QUANTITATIVE ANALYSIS. Edited by Arthur Vacher. 

Seventh Edition. Vol. I. With 106 Engravings. . . Svo, 15s. 
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A. P. Luff. 
AN INTRODUCTION to THE STUDY of CHEMISTRY, 

specially designed for Medical and Phannaceutical Students. By A. P. 
Luff, F.LC, F.CS^ Lecturer on Chemistry in the Central School of 
Chemistry and Pharmacy . • Crown 8vo, 2s. 6d. 

« Arthur Vacher 

A PRIMER OF CHEMISTRY, Including Analysis. 
By Arthur Vacher .... i8mo, is. 

Frank Clowes 

PRACTICAL CHEMISTRY AND QUALITATIVE 
INORGANIC ANALYSIS. By Frank Clowes, D. Sc Lond., F.CS. 
Lond. and Berlin, Senior Science Master at the High School, Newcastle- 
under-Lyme. Third Edition, with 47 Engravings. . Post 8vo, 7s. 6d. 

\* This work is an Elementary Treatise specially adapted £9r use in the Laboratories 
of Schools and Colleges, and by b^jinners. 

John E. Bowman and C. L, Bloxam 

PRACTICAL CHEMISTRY, Including Analysis. 
By John £. Bowman and C L. Bloxam. Seventh Edition. With 
98 Engravings .... Fcap 8vo, 6s. 6d. 

\* In this edition the entire Analytical Conrse has been reduced to a tabular form, 
and symbols and equations have been freely used. The intention of the work is to 
fomish to the begiimer a text-book of the practical mmutue of &e laboratory. The 
various processes employed in analysis, or which have been derised for the illustration 
of the principles of the science, are explained in language as sinqde as possible. 

y, Campbell Brown 

ANALYTICAL TABLES for STUDENTS of PRACTICAL 
CHEMISTRY. By J. Campbell Brown, D.Sc Lond., F.CS. 

Q . [8vo, 2S. 6d 

Edward Frankland 

HOW TO TEACH CHEMISTRY: Hints to Science 
Teachers and Students. Six Lectures by Edward Frankland, D.CL., 
F.R.S^ Summarised and Edited by GEORGE Chaloner, F.CS. With 
47 Engravings . . . Crown 8vo, 3s. 6d. 

Robert Galloway 

A MANUAL OF QUALITATIVE ANALYSIS. 

By Robert Galloway, late Professor of Applied Chemistry in the Royal 
College of Science for Ireland. Fifth Edition, with Engravings 

J [Post 8vo,8s. 6d. 

E, T, Kensin^on 

CHEMICAL COMPOSITION OF FOODS, WATERS, 

SOILS, MINERALS, MANURES, AND MISCELLANEOUS SUB- 
STANCES. Compiled by E. T. Kensington, F.CS., formerly Chief 
Assistant to Thomas Anderson, M.D., late of the University of Gla^ow. 

[Fcap 8vo, ss. 
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C, Meymott Tidy 

A HANDBOOK OF MODERN CHEMISTRY, Inorganic 
and Organic. For the Use of Students. By Charles Meymott Tidy, 
M.B., F.C.S., Professor of Chemistry at the London Hospital. Svo, i6s. 

U. J. Kay-ShuttUworth 

FIRST PRINCIPLES OF MODERN CHEMISTRY. 

By Sir U. J. Kay-Shuttleworth, Bart. Second Edition. 

[Crown 8vo, 4s. 6d. 

Francis Sutton 

HANDBOOK OF VOLUMETRIC ANALYSIS; 

or, the Quantitative Estimation of Chemical Substances by Measure applied 
to Liquids, Solids, and Gases. By Francis Sutton, F.C.S., Public 
Analyst for the County of Norfolk. Third Edition. With 74 Engravings. 

[8vo, iss. 

*«* This work is adapted to the requirements of pure Chemical Research, Pathological 
Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, etc., and for 
the Valuation of Substances used in Conmierce, Agriculture, and the Arts. 

''Mr. Sutton has rendered an essential service by the compilation of his work." — 
Chemical News, 

A, y, Bernays 

NOTES FOR STUDENTS IN CHEMISTRY: Being a 

Syllabus of Chemistry, compiled mainly from the Manuals of Miller, 
FowNES- Watts, Wurz, and Schorlemmer. By Albert J. Bernays, 
Ph. D,, Professor of Chemistry at St. Thomas's Hospital ; Examiner in 
Chemistry at the Royal College of Physicians. Sixth Edition. 

[Fcap. 8vo, 3s. 6d. 
By the same Author 

SKELETON NOTES ON ANALYTICAL CHEMISTRY, 

for Students in Medicine . • . Fcap 8vo^ 2s. 6d. 

Otto Hehner and Arthur Angell 

BUTTER ; Its Analysis and Adulterations, specially treating on 
the Detection and Determination of Foreign Fats. By Otto Hehner, 
F.C.S., Public Analyst for the Isle of Wight, and Arthur Angell, 
F.R.M.S., Public Analyst for the County of Southampton. Second Edition. 
Entirely re-written and augmented. . . [Crown 8vo, 3s. 6d. 



R, Wagner and JV. Crookes 

HANDBOOK OF CHEMICAL TECHNOLOGY. By 
Rudolf Wagner, Ph.D., Professor of Chemical Technology at the 
University of Wurtzburg. Translated and Edited from the Eighth German 
Edition, with Extensive Additions, by William Crookes, F.R.S. With 
336 Engravings ....... 8vo, 25 s. 

*^* The design of this work is to show the application of the science of chemistry to 
the various manufactures and industries. The subjects are treated of in eight divisions, 
as follows : — i. Chemical Metallurgy, Alloys, and Preparations made and obtained from 
Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic 
Ware, Gypsum, Lime, Mortar. 4. V^etable Fibres. 5. Animal Substances. 6. Dye- 
ing and Calico Printing. 7. Artificial Light. 8. Fuel and Heating Apparatus. 
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IV. G, Valentin and W, /?. Hodgkinson 

VALENTIN'S QUALITATIVE CHEMICAL ANALYSIS. 

Fifth edition. By W. R. Hodgkinson, Ph. D. (Wurzburg), Demonstrator of 
Practical Chemistry in the Royal School of Miaes and Science Training 
Schools, South Kensington. With Engravings . . 8vo, 7s. 6d. 

W. G. Valentin 

INTRODUCTION TO INORGANIC CHEMISTRY. By 
Wm. G. Valentin, F.C.S., late Principal Demonstrator of Practical 
Chemistry in the Royal School of Mines and Science Training Schools, 
South Kensington. Third Edition. With 82 Engravings . 8vo, 6s. 6d. 

By the same Author 

TABLES FOR THE QUALITATIVE ANALYSIS OF 

SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet 
Way. On indestructible paper . , . 8vo, 2s. 6d, 

Also 

CHEMICAL TABLES FOR THE LECTURE ROOM AND 

LABORATORY. In five large sheets. . . 5s. 6d. 



Alfred H. Allen 

AN INTRODUCTION TO THE PRACTICE OF COM- 
MERCIAL ORGANIC ANALYSIS. By Alfred H. Allen, F.CS., 
Lecturer on Chemistry at the Sheffield School of Medicine. 

VoL I. — Cyanogen Compounds^ Alcohols and their Derivatives, Phenols, 
Acids, &c. ..... [8vo, los. 6d. 

/?. V. Tuson 

COOLEY'S CYCLOPiEDIA OF PRACTICAL 

RECEIPTS, AND COLLATERAL INFORMATION IN THE ARTS, 
MANUFACTURES, PROFESSIONS, AND TRADES : Including 
Medicine, Pharmacy, Hygiene and Domestic Economy. Designed as a 
Comprehensive Supplement to the Pharmacopoeias and General Book of 
Reference for the Manufacturer, Tradesman, Amateur, and Heads of 
Families. Sixth Edition, Revised and Rewritten by Professor Richard 
V. Tuson, F.I.C, F.C.S., assisted by several Scientific Contributors. 
With many Engravings. 2 Vols., 1,800 pp. , , 8vo, 42s. 

The new edition, exceeds the last by some 400 pages, and contains a greatly increased 
number of receipts culled from the most reliable Engush and foreign journals ; numerous 
Articles on Applied Chemistry, Pharmacy, Hygiene, Human, and Veterinary Medicine, 
&c», are also added ; many of the old articles have been e3ctended ; and, where 
desirable, the text is illustrated by woodcuts. 



C D. F. Phillips 

MATERIA MEDICA AND THERAPEUTICS: VEGE- 
TABLE kingdom. By Charles D. F. Phillips, M.D. 8vo, 15s. 

" It is the great distinction of this book that an amount of space is given in it to care- 
ful discussion of the physiological and the therapeutical actions of drugs greater than has 
been given in any previous English text-book of Materia 'M.^osu^-^Praciitioner. 
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y. Forbes Royh and John Harley 

ROYLE'S MANUAL OF MATERIA MEDICA AND 

THERAPEUTICS. Sixth Edition. By JOHN Harley, M.D., F.R.C.P. 
With 139 Engravings. . . . Crown 8vo, 15s. 

' ' This Manual is, to onr minds, unrivalled and completeness of information.' ' — British 
in any language for condensation, accuracy, Medical Jmmdl. 

C, Binz 

THE ELEMENTS OF THERAPEUTICS. A Clinical Guide 

to the Action of Drugs. By C. BiNZ, M.D.^ Professor of Pharmacology in 
the University of Bonn. Translated and Edited with Additions, in 
Conformity with the British and American Pharmacopoeias, by Edward 
I. Sparks, F.R.C.P., M.A, M.B. Oxon., formerly Radcliffe Travelling 
Fellow ..... Crown 8vo, 8s. 6d. 

*«* Practically, this translation represents a new edition, a considerable amount of 
new matter whidi did not appear in the fifth German edition having been added by 
Professor Binz, and a number of errors which occurred in the latter having been corrected. 
Nearly the whole of the proof sheets have been read and revised by Professor Binz. 



J, C, Thorowgood 

THE STUDENTS GUIDE TO MATERIA MEDICA 

Including the New Additions to the British Pharmacopoeia. By John 
C. Thorowgood, M.D. Lond., F.R.CP., Lecturer on Materia Medica at the 
Middlesex Hospital With Engravings . . Fcap 8vo, 6s. 6d. 

** Students can hardly hope for a more serviceable text-book." — Practitioner, 

Stilli and Maisch 

THE NATIONAL DISPENSATORY; containing the Natural 

History, Chemistry, Pharmacy, Actions and Uses of Medicines, including 
those recognised in the Pharmacopoeias of the United States and Great 
Britain and Germany, with numerous references to the French Codex. By 
Alfred Stille, M.D., LL.D., Professor of the Theory and Practice of 
Medicine in the University of Pennsylvania ; and John M. Maisch, Ph.D., 
Professor of Materia Medica and Botany in the Philadelphia College of 
Pharmacy. Second Edition, with 239 Engravings. 1,680 pp. . 8vo, 34s 

Adolphe Wahltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA- 
PEUTICS. By Adolphe Wahltuch, M.D. . . 8vo, los. 6d. 

*^* The purpose of this work is to give a tabular arrangement of all drugs specified in 
the British Pharmacopoeia of 1867. Every table is divided into six parts :— (i) The 
Name and Synonyms ; (2) Character and Properties or Composition ; (3) Physiological 
Effects and Therapeutics ; (4) Form and Doses; (5) Preparations ; (6) Prescriptions, 
Other matter eluddatory of the Pharmacopoeia is added to the work. 

•* A very handy book." — Lancet, 

y, Stocken 

ELEMENTS OF DENTAL MATERIA MEDICA AND 
THERAPEUTICS, WITH PHARMACOPCEIA By James Stocken, 
L.D.S.R.C.S., late Lecturer on Dental Materia Medica and Therapeutics 
and Dental Surgeon to the National Dental Hospital Second Edition, 

[Fcap. 8vO| 66. 6<L 
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Isambard Owen 

TABLES OF MATERIA MEDICA ; comprising the Contents, 

Doses, Proportional Composition, and Methods of Manofactnre of the 
various Pharmacopceial Preparations, arranged to fieudlitate acqnirenient. 
By ISAMBA&D Owen. M.A., M.R.CP., Medical R^[istrar and Lecturer cm 
Botany to St George s Hospital Fourth Edition. Crown Svo, 2s. 6d. 



Jonathan Pereira 

SELECTA E PRiESCRIPTIS : Containing Lists of the Terms, 

Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
planatory Notes ; the Grammatical Construction of Prescriptions ; Rules 
for the Pronunciation of Pharmaceutical Terms ; a Prosodiacal Vocabulary 
of the Names of Drug^ &c. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con- 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Persira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 



THE PRESCRIBER'S PHARMACOPOEIA : The Medicines 

arranged in Classes according to their Action, with their Composition 
and Doses. By A Practising Physician. Fifth Edition. 

[Fcap 32mo, cloth, 2s. 6d.; roan, with flap and elastic band, 3s. 6d. 



B. S. Proctor 

LECTURES ON PRACTICAL PHARMACY. 

By Barnard S. Proctor, Lecturer on Pharmacy at the Collie of Medi- 
cine, Newcastie-on-Tyne. With 43 Engravings and 32 Plates, containing 
Fac-Simile Prescriptions Svo, 12s. 

CONTENTS 

Drying— Coniminution--Solution'-CrystaUisation--Frecipitation-— Diffusion in Liquids, 
Dial3rsis, Osmosis, &c. — Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Subumation — Filtration and Percolation— Official Pharmacy — Official Liquors or Solu- 
tions — Official Infusions and Decoctions — Extracts— Spirits, Tinctures, Wines, Vinegars, 
Liniments— Official Products of Distillation and Sublixnation — Official Products of Fusion 
— Official Sdine Preparations, &c, Crystallised, Precipitated^ Scaled, or Granulated — 
Complex Processes — Dispensing — Reading Autograph Prescriptions — Pills — Powders, 
Ointments, Plasters, Suppositories, &c. — (Jialitative Tests of the Pharmacopoeia — Quan- 
titative Testing of the Pharmacopoeia — Pharmacy of Special Drugs. 

*' A good specimen of a treatise on Chemistry as applied to a special art'' — Chemical 
News. 

F, Harwood Lescher 

THE ELEMENTS OF PHARMACY: a Guide to the Prin- 
cipal Points in Materia Medica, Botany, Chemistry, Pharmacy, Prescrip- 
tions and Dispensing. By F. Harwood Lescher. Fifth Edition 

[Royal 8yo, 7s. 6d. 
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7. B. Smith 

PHARMACEUTICAL GUIDE TO THE FIRST AND 
SECOND EXAMINATIONS. By John Barker Smith. Second 

Edition Crown 8vo, 6s. 6d. 

first and srcond bxaminations 
Latin Grammar— Fractions — Metric System — Materia Medica — Botany 

— Pharmacy— Chemistry — Prescriptions. 



John Steggall 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 

preparing for Examination at the Pharmaceutical Society. By John 
Steggall, M.D. Third Edition i8mo, 3s. 6d. 

contents 



Notes on the British Pharmaoopoeia, the 
Substances arranged alphabetically. 

Table of Preparations, containing Opium, 
Antimony, Mercury, and Arsenic. 

Classification of Plants. 



Thermometers. 
Specific Gravity. 
Weights and Measures. 
Questions on Pharmaceutical Chemistry 
and Materia Medica. 



Peter Squire 

COMPANION TO THE BRITISH PHARMACOPCEIA 

(latest Edition), comparing the strength of its yarious preparations with 
those of the United States, and other Foreign Pharmacopoeias, to which 
are added Non-ofdcial Preparations, and Practical Hints on Prescribing ; 
also a Tabular Arrangement of Materia Medica for Students, and a Concise 
Account of the Principal Spasof Europe. By Peter Squire, F.L.S., late 
President of the Pharmaceutical Society, assisted by his Sons P. W. Squire 
and A H. Squire. Twelfth Edition .... 8vo, los. 6d. 

By the same Author 

PHARMACOPOEIAS OF THE LONDON HOSPITALS. 

Fourth Edition. Fcap 8vo, 6s. 

*^ Mr. Squire has collected all the Formulae used in twenty-five of the principal 
Hospitals of London, and arranged them in groups for comparison. These Formulae 
were revised and approved by 3ie medical staff of each of the Hospitals, and may 
therefore be taken as an excellent guide to the medical practitioner, both as to dose and 
best menstruum in prescribing. The Diet Tables of the yarious Hospitals are also 
included. 

William Stowe 
A TOXICOLOGICAL CHART, Exhibiting at one view the 

Sjrmptoms, Treatment, and Mode of Detecting the Various Poisons^ 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition . . . . Sheet, 2s. ; Roller, 5s. 

Alfred S, Taylor 

POISONS IN RELATION TO MEDICAL JURIS- 
PRUDENCE AND MEDICINE. By Alfred S. Taylor, M.D., F.R.S., 
late Professor of Medical Jurisprudence to Guy's HospitaL Third Edition, 
with 104 Engravings Crown Svo, i6s. 
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Dr. Sylvester Marsh 
SECTION CUTTING : a Practical Guide to the Preparation 

and MouDting of Sections for the Microscope, special prominence being 
given to the subject of Animal Sections. By Dr. Sylvester Marsh 
Vl^tfa Engravings Fcap. Svo, 2sl 6d. 



THE QUARTERLY JOURNAL OF MICROSCOPICAL 

SCIENXE. (Established in 1852.) Edited by E. Ray Lankester, M.A., 
F.R.S.y Professor of Zoology and Comparative Anatomy in University 
CoU^e, London ; with the co-operation of W. Archer, F.R.S., M.R.I.A, 
F. M. Balfour, M.A, F.R.S., F.LS., and E. Klein, M.D., F.R.S., 
* Lecturer on Histology in St BarUiolomew's Hospital SchooL 

Annual Subscription, 30s. ; Single Numbers, 7s. 6d. 

\* Moit of the Memoin are illtutiated by Woodcuts and Lithographic Pistes, many 
being Odoored. The Joomal contains, in addition. Notes and Memoranda, Reviews of 
Booki^ Qnarterly Chnmidc^ and Proceedings of Societies. 



y, H. Wythe 

THE MICROSCOPIST : A Manual of Microscopy and Compen- 
dium of the Microscopic Sciences, Micro-Mineralogy, Micro-Chemistry, 
Biology, Histology, and Pathological Histology. By J. H. Wythe, AM., 
K.D., Professor of Microscopy and Biology in the San Francisco Medical 
Collie. Third Edition, widi 205 Engravings . . Svo, 18s. 



S, Messenger Bradley 

MANUAL OF COMPARATIVE ANATOMY AND 
PHYSIOLOGY. By S. Messenger Bradley, F.R.CS., Senior Assistant 
Surgeon to the Manchester Royal Infirmary. Third Edition, with 
61 Engravings Post Svo, 6s. 6d. 



A* Chauveau and G. Fleming 

CHAUVEAU'S COMPARATIVE ANATOMY OF THE 

DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgeon, 
Roval Engineers ; Author of " Travels on Horseback in Mantchu Tartary," 
" Horse-shoes and Horse-shoeing," " Animal Plagues," etc With 450 
Engravings ..... Svo, 31s. 6d. 

'' Mr. Fleming has earned the gratitude of the whole of his profession by (nresentiDg to 
the veterinary surgeon and student, in an English dress, one of the hest and most com- 
prehensive of Continental text-books, enriched with additions which prove him to have 
been a conscientious student of the best writers on the Comparative Anatomy of the 
Mammalia. • . We have nothing but praise to bestow on the manner in which 
Mr. Fleming has performed his yfoxiu^^MaUco'Chirur^al Review^ 
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y. Fayrer 

THE THANATOPHIDIA OF INDIA ; being a Description 

of the Venomous Snakes of the Indian Peninstila. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
Sir J. Fayrer, M.D., K.S.I., Physician to the Secretary of State for IncUa 
in Council ; late President of the Asiatic Society of BengaL Second 
Edition, with 31 Plates (28 Coloured) .... Folio, 7/. 7s. 

By the same Author 

THE ROYAL TIGER OF BENGAL: His Life and Death. 

With Map and Engravings Crown 8vo, 5s. 



y, Ewart 

THE POISONOUS SNAKES OF INDIA. Compiled by 

Joseph Ewart, M.D., M.R.C.P., Surgeon-Major in the Bengal Army, 
President of the Snake Poison Commission. With 21 Plates (19 being 
Coloured) Crown 4to, 31s. 6d« 



J. Reay Greene 

TABLES OF ZOOLOGY: indicating the Tribes, Sub-Orders, 
Orders, and Higher Groups of the Animal Kingdom, for Students, Lec- 
turers, and others. By J. Reay Greene, M.D., late Professor of Natural 
History in the Queen's Universit); in Ireland. Three large sheets, ss. 
the set ; or, mounted on canvas, with roller and varnished • .12s. od. 

*«* These Tables have been carefully prepared in accordance with the present state of 
science, and with a view to remove the difficuldes which arise from the various opinions 
held by different zoologists. 

r. /f. Huxley 

A MANUAL OF THE ANATOMY OF INVERTEBRATED 

ANIMALS. By Prof. Huxley, LL.D., F.R.S. With 158 Engravings. 

[Fcap 8vo, i6s. 
By the same Author 

A MANUAL OF THE ANATOMY OF VERTEBRATED 

ANIMALS. With no Engravings .... Fcap 8vo, 12s. 

Also 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 

With Engravings. Second Edition. . . . . [In the Press. 



W. M. Ord 

NOTES ON COMPARATIVE ANATOMY: a Syllabus of 
a Course of Lectures delivered at St. Thomas's Hospital By William 
Miller Ord, M.B. Lond., M.R.C.P., Physician to the Hospital, and Lec- 
turer in its Medical School Crown 8yo, 5s. 
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John Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Qiiestion& By John Shea, M.D., BJV. Lond. With 
nmnenms Engravings Fcap 8vo, s^- 6d. 

W. Whalley 

THE HUMAN EYE. WITH REMARKS ON THE EYES 

OF INFERIOR ANIMALS : A Popular Description. By W. Whalley, 
M.R.C.S. With 40 Engravings . . . Fcap Svo, 3s. 

Andrew Wilson 

THE STUDENT'S GUIDE TO ZOOLOGY: 

A Manual of the Principles of Zoological Science. By Andrew Wilson, 
Author of '^ Elements of Zoology/ and Lecturer on Zoology, Edinbuigh. 
With Engravings Fcap 8vo, 6s. 6d. 

'* It is alike lucid and well arranged." — Med, Times and Geu, 

'* Really a good book, well and clearly written. ** — Edtn, Med, Jour, 

" A trustworthy guide.'* — Lancet, 

''The illustrations are dear, and the whole woric is el^;ant and compact" — Med, 
Chir, Rev, 

C, Brooke and W, Garnett 

THE ELEMENTS OF NATURAL PHILOSOPHY. By 
Charles Brooke, M.B., M.A., F.R.S., and William Garnett, M^, 
FdL St Jolm's CoU., Cambridge. Seventh Edition, with 700 Engravings. 

o [Preparing, 

F, Kohlrausch 

AN INTRODUCTION TO PHYSICAL MEASUREMENTS. 

V^xih Appendices on Absolute Electrical Measurement, etc By Dr. F. 
Kohlrausch. Translated from the Second German Edition by T, H. 
Waller, B.A, B. Sc, and H. R. Procter, F.CS. With Engravmgs. 

O [8V0, I2S. 

G. F, Rodwell 

NOTES ON NATURAL PHILOSOPHY: 

Lectures delivered at Guy's Hospital, by G. F. Rodwell, F.R.AS. 
Science Master in Marlborough College. With 48 Engravings. 

[Fcap 8vo, 5s. 

"As an introductory text-book for this 'Notes' chiefly consist of lucid and con- 
Examination [the Preliminary' Scientific cise definitions^ and everywhere bristle with 
(M.B.) of the University of London], it is the derivations of scientific terms.*' — 
quite the best one we have seen . . The Nature, 



Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, with niunerous Engravings. 

[Crown 8vo, 6s. 6d. 

%* Amongst the Contents are the Practical Treatment of Portraits^— Groups in the 
Studio — Landscapes — Groups in Open Air — Instantaneous Pictures — Animals — Architec- 
ture — Marine Subjects — Still Life — Copying; of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c., and Notices of the last Inventions 
loqirovements in Lenses, Apparati^ &c. 



gdto] 
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G. Dawson 
A MANUAL OF PHOTOGRAPHY. By GEORGE 

Dawson, M.A., Ph. D., Lecturer on Photography in King's College, London. 
Eighth Edition, with Engravings . . Fcap 8vo, 5s. 6d. 

"The new edition of this excellent 
manual, which is founded on and incorpo- 
rates as much of Hardwich's ' Photographic 
Chemistry' as is valuable in the present 
further advanced stage of the art, retains 
its position as the best work on the subject 



many new methods and materials which 
are so freauently being introduced, make it 
essential that any book professine to keep 
up to the times must be frequently revised, 
and Dr. Dawson has in this work presented 
the subject in its most advanced position." 



for amateurs, as well as professionals. The | —Nature^ May 29, 1873. 

Cornelius B, Fox 

OZONE AND ANTOZONE: their History and Nature. By 
Cornelius B. Fox, M.D., late Medical Officer of Health for Central 
and East Essex. With Coloured Plates . . Svo, 12s. 6d. 



C Meymott Tidy 

THE LONDON WATER SUPPLY: Being Reports sub- 
mitted to the Society of Medical Officers of Health, on the Quality and 
Quantity of the Water supplied to the Metropolis. By Charles Meymott 
Tidy, M.B., F.C.S., Professor of Chemistry, &c., at the London Hospital, 
Medical Officer of Health and Public Analyst for Islington. 
For 10 years ending 1877, 4to, 2s. 6d. ; for 1878, 8vo, 6d. ; for 1879, Svo, 6d. 



Charles Ekin 

POTABLE WATER : How to form a Judgment on the Suit- 
ableness of Water for Drinking Purposes. Addressed to Medical Officers 
of Health, and Sanitary Authorities, &c. By CHARLES EKIN, F.C.S., 

Crown Svo, 2s. 

/?. Dunglison 

MEDICAL LEXICON: A DICTIONARY OF MEDICAL 

SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygfiene, Therapeutics, 
Pharmacologfy, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By Robley 
Dunglison, M.D. New Edition, by Richard J. Dunglison, M.D. 

[Royal Svo (1,130 pp.), 28s. 
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MEDICAL VOCABULARY : being an Explanation of all 
Names and Phrases used in the various departments of Medical Science 
and Practice, giving their Derivation, Meaning, Application, and Pro- 
nunciation. Fourth Edition . . . Fcap Svo, los. 



" We have referred to this work hundreds 
of times, and have always obtained the in- 
formation we required . • • Chemical, 



Botanical, and Pharmaceutical Terms are 
to be found on almost every page." — 
Chemist and Druggist 
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1. J. & A. Churchilts General List of about 600 works on 

Medicine^ Surgery^ Midwifery^ Materia Medica, Hygiene, 
Anatomy, Physiology, Chemistry, &c,, &c,, with a complete 
Index to their Titles for easy reference, N,B. This List 
includes Nos, 2, 3, and 4. 

2. Selection from J, & A, Churchilts General List, comprising 

all recent works published by them on the Art and Science 
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3. J,& A, ChurchiWs Catalogue of Text Books specially arranged 

for Teacliers and Students in Medicifte. 

4. A Selected aftd Descriptive List of J. & A. ChurchiWs works 

on Chemistry, Materia Medica, Pharmacy, Botany, Photo^ 
graphy. Zoology, The Microscope, and other branches of 
Science, 

5. The Medical Intelligencer, an Annual List of New Works 

and New Editions publislied by J,& A, Churchill, together 
with Particulars of the Periodicals issued from their 
House, 

[Sent at the commencement of each year to every Medical Practitioner in 
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large number are also forwarded to the United States of America, 
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Mr. PRESLEY BLAKISTON, OF Philadelphia, who acts as their 
Agent for the United States of America, keeping most of their books 
in Stock, and reprinting others on Terms advantageous to Authors. 
Many of the Works in this Catalogue may therefore be easily obtained 
in America. 
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